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which is typical for the great majority of microprocessors, the rm are 
+5 V in amplitude and a few ns or us in duration. The presence of a pulse 
indicates a binary 1; the absence of a pulse or zero volts indicates a binary 0. 
Thus, in Fig. 1-3, the microprocessor is receiving a binary 10100100, which 
hex Ad for convenience. 
WO Denia s coe] this word may be an instruction to perform 
addition. For another microprocessor, the same word may mean perform 
subtraction. For still another microprocessor, the word may be meaningless, 
Thus, one of the first things you must do v pou and beats Ee 
'Ocessor i its instructions (known as the instruction ser), 
including ihe pista di Ci code, hex code, and what is accomplished 
by the microprocessor when the instruction is received. Microprocessor 
manufacturers provide information on the instruction set in their user 
manuals. This is fortunate since it is a nearly impossible task to remember 
the entire instruction set of even a simple microprocessor. 


1-8-1 Microprocessor memories and addresses 


Microprocessors also use electrical signals arranged in binary form to 
communicate with other elements in the systems. Most microprocessors 
are used with memories (RAMs or ROMs, typically both) which hold data 
bytes to be manipulated by the microprocessor and instructions to be 
followed by the microprocessor during the program. (Data bytes are usually 
stored or held in the RAM; instructions are usually stored in the ROM.) 

Memories are divided into locations called addresses. Each address is 
identified by a number (usually decimal). During a typical microprocessor 
Program, the microprocessor will select each address in a certain order 
(determined by the program) and “read” the contents of the address. Such 
contents can be an instruction, data, or a combination of both. Likewise, 
it is possible to “write” information into memory using electrical signals 
arranged in binary form, 


1-82 Buses and ports 


used for a common purpose. In our example, the data bus has eight lines 
(which is typical) and the address bus has eight lines (which is not typical) 
as 16 lines. The cight-line 
highway is sometimes used 
stem components. Also, the 


n n indicate a bus that interconnects 
a microprocessor system with the outside world, 


The term port is often applied to the point or terminals at which the 
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bus enters the microprocessor or other IC element. Thus, in Fig. 1-4, there 
is an address port and a data port. 

Buses are generally bidirectional. That is, the electrical pulses (repre- 
senting data bytes, addresses, etc.) can pass in either direction along the 
bus lines. For example, data bytes can be written into memory from the 
microprocessor, or read from memory into the microprocessor on the same 
data bus. Ports may or may not be bidirectional, depending upon design, 


1-8-3 Address and data buses 

Note that in Fig. 1-4, the electrical pulses appearing on the address bus 
are arranged to produce a binary 01001101, or a decimal 77. Thus, address 
number 77 is being selected by the microprocessor. Both the ROM and 
RAM receive the same set of electrical pulses (or binary word) since these 
pulses appear on the address bus. However, since address 77 is located in 
the ROM, the contents of the ROM at that address are read back to the 
microprocessor via the data bus. The pulses on the address bus have no 
effect on the RAM, and no data are obtained from the RAM. Likewise, 
the address pulses have no effect on other addresses in the ROM. Only the 
data at the selected address are read back on the data bus. 

In Fig. 1-4, the electrical pulses on the data bus are arranged to form 
the binary word 00100001, which can be converted to hex 21. In our particular 
microprocessor, hex 21 is an instruction to add the contents of a register 
within the microprocessor to the contents at some address in the RAM 
(read out during a previous step in the program). 


1-8-4 Debugging and troubleshooting 

Keep in mind that the microprocessor responds to the arrangement 
of electrical pulses. It makes no difference where the pulses originate. Thus, 
if an undesired instruction is stored in memory at some location which is 
addressed by the microprocessor during a program, that instruction will 
appear as the corresponding arrangement of electrical pulses on the data 
bus. The microprocessor will follow the instructions when received and 
will thus produce an erroneous result. Probably the program will come 10 
a complete halt or jump to an undesired address, Under these conditions, 
the program is said to have a bug or bugs. The process of finding the 
undesired instruction, removing it, or placing it at the correct address is 
known as debugging, which applies to finding any fault in a program. 

This is not to be confused with troubleshooting, which is the term 
used to find electrical or mechanical faults in a microprocessor system. 
Troubleshooting implies that the system once performed the program 
properly. For example, referring to Fig. 1-4, assume that the electrical line 
labeled BO on the data bus becomes broken (after weeks of operation) at 
the microprocessor terminal. The B0 pulse from the ROM still appears on 
the data bus but does not reach the microprocessor. Thus, the microprocessor 
Sees zero volts, or binary 0, on terminal BO. This produces binary word 
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The RESET and HALT lines receive a +5-V signal from various circuits 
in the system. This signal may be a momentary pulse identical to those on 
the address and data buses, or may be a fixed +5 V which remains on the 
line for some time, When a fixed signal (sometimes called a level) is applied, 
the line is said to be high’ ard the function is ‘turned on. 

For example, if a +5 V is applied to the RESET line, the RESET 
line is high, and all circuits within the microprocessor are reset to zero, 
regardless of their condition before the line goes high. When the fixed 
voltage is removed, the RESET line goes low (is at zero volts) and the 
RESET function is no longer in effect, In most microprocessors, when a 
reset signal is received, all circuits return to zero and then resume their 
normal function (counting, etc.). Note that in some literature, the terms 
true and false are used instead of high and low, respectively. Likewise, the 
binary | and 0 are used for high and low in some literature. However, the 
terms ““high' and “low"’ are generally preferred. 

An overbar is used on the word HALT. This indicates that the HALT 
‘operates on the reverse of all other lines. That is, the HALT function is in 
effect when the line is at 0 V (the normal low condition). When the line 
is at + 5 V (normal high), the HALT function is removed, 

In our microprocessor, when the HALT line is at 0 V, all functions 
within the microprocessor (counting through the program, etc.) are stopped 
and remain stopped as long as the HALT line remains low. All functions 
resume normal operation when the HALT line is made high by a +5-V 
level. If the microprocessor is in the middle of some operation when HALT 
is applied (by 0 V on the line), the operation will stop, but will continue 
from the same point when the +5 V is reapplied. 

This illustrates the need to understand all instructions and control 
signals applied to a particular microprocessor. A thorough knowledge of 
microprocessor functions and controls is essential for writing and debugging 
programs as well as troubleshooting. For example, should the program 
inadvertently issue an instruction that removes +5 V from the HALT line, 
the microprocessor will stop in the middle of a program, possibly in the 
middle of an instruction, The same condition can be caused if the HALT 
line is accidently disconnected from the HALT terminal on the micro- 
processor, if the HALT line is shorted to ground, or if the HALT line 
is broken, 


1-&8 Parity-bit signals 

The notes in Fig. 1-2 refer to a parity bit. Although the ASCII code 
is considered as an 8-bit code, note that the most significant bit is always 
0. For example, the highest number required for ASCII is 0111-1111 in 
binary or 7F in hex, Thus, the MSB can be 0, or simply omitted, whichever 
is convenient, This permits the MSB to be used for a parity check. The 
parity system is one of the many codes that have been developed to detect 
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mic essor, ROM, RAM, and 1/0 device are all IC. Thus, you da not 
een to the circuit elements, nor can you change them in the way they 
function, Also, it is not necessary that you understand every detail of the 
internal circuits to effectively use and understand microprocessors. That is, 
you do not need to know that diodes are interconnected to form flip-flops, 
and that flip-flops are interconnected to form registers and counters, 
However, you must know what registers and counters are, and how (in the 
simplest terms) they operate. ` 

As an example, a typical microprocessor instruction (found in the 
user manual) might say that a hex 33, or binary 00110011, applied to the 
data bus will cause the microprocessor to '*add the contents of register A to 
register B, and increment (advance) the program counter by 1.” All basic 
circuits found in microprocessor literature are described in the following 
paragraphs of this section. 


1-9-1 Counters, registers, accumulators, and pointers 


For our purposes, counters, registers, accumulators, and pointers are 
all circuits used to hold and manipulate binary numbers in electrical (pulse 
or level) form. As such, these circuits have one stage for each binary bit to 
be held or manipulated. Thus, an 8-bit counter/register has eight stages. 
Generally, flip-flop (or FF) stages are used. An FF stage can be in only one 
of two electrical states, 1 or 0. If you measured the instantaneous state of a 
particular stage, you would find it at +5 V if the stage is to represent a | 
and at 0 V for binary 0. (Except in certain troubleshooting situations, it is 
not necessary to actually measure the states of counter/register stages. 
However, this concept may help you to understand operation of counters/ 
registers.) 

Ina microprocessor, the purpose of a counter is to count events (such 
as steps of a program, a sequence of addresses selected, etc.). This is usually 
done by counting pulses. Counters are sometimes used as pointers, in that 
they point to another event or location, For example, a typical program 
counter counts each step of the program and then advances to the next 
address to be used in the program. Thus, the counter "points" to the next 
step of the program. Note that when a counter, register, or another circuit 
in à microprocessor system is used solely or primarily for one purpose, it is 
said to be dedicated, For example, a microprocessor counter used only to. 
count program steps is referred to as a dedicated counter. 

A microprocessor register is similar to a counter except that the primary 
function of a register is to hold the binary numbers (or words) so that they 
can be manipulated. Registers are often used to hold some binary number 
taken from a particular address in memory so that number may be added to 
another number in memory. Likewise, one register can hold a binary number 
that is to be added to another binary number in another register. When a 
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Figure 1-21 shows the functional block diagram of a typical ROM, 
‘This unit is described by the manufacturer as a 1024 x 8 ROM. This means 
that the matrix has 1024 addresses, each with 8 bits. Thus, 8-bit binary 
words or bytes can be read out of 1024 locations. The bytes appear on the 
data lines D, through D», connected to the data bus. Although the buffer 
is three-state, only the high impedance and output states are used. When all 
chip select (CS) inputs are available, the permanent information stored ai 
the selected address is passed to the data bus. When one or more of the 
chip select inputs are absent, the buffer remains in the high-impedance 
state and no data pass from the matrix to the data bus. Thus, it is possible 
to shut off the ROM from the system by controlling only one of four lines 
or inputs. 

Note that the user can define whether the chip select inputs are active 
high or active low. Also, note that the user must define the binary word to 
be stored at each address. Generally, the user defines the desired contents of 
the ROM by means of IBM cards or punched paper tape. The manufacturer 
then programs the ROMs (sets in the binary bit pattern at each address), 
usually by means of a mask for the final metalization step in IC manufacture. 
This process is generally used where a large number of ROMs are required 
(typically 300 or more), but can be used for smaller numbers. As in the 
case of the RAM, the address to be read in or out of the ROM is selected 
by an address decoder, which, in turn, is controlled by the binary word on 
the address bus (lines AO through A9). 

There are two obvious problems for this method of custom ROM 
manufacture. First, the cost of the metalization mask (used for all the 
ROMs of a given program) is quite high, Thus, if only a few ROMs are 
needed, the cost per ROM is quite high. More important, the user rarely, 
if ever, knows the exact programming required for a ROM until after the 
program has been tested and debugged. That is, you do not know what 
binary word is to be located at which address until you have written the 
program, tested it, and found that the program works under all circumstances. 
There are several ways to overcome this problem, including the use of 
PROMs (programable ROMs), EPROMS (erasable, ultraviolet PROMs), 
EAROMS (electrically alterable ROMs), and RMMs (read mostly memories), 
all of which are described in the following paragraphs. 


1-11:5 PROM circuit 

A PROM is shipped by the manufacturer with all bits at each address 
blank (or at binary O, in most cases). The user then programs each bit at 
each address by means of an electrical current, Typically, when current is 
applied to a bit, a Nichrome wire is “*fused”” or opened by the current, 
making that bit assume the electrical characteristics of a binary 1. Bits to be 
at binary 0 are left untouched. The program in the PROM is then permanent 
and irreversible. 
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processor, and the data byte is passed to the microcomputer system. The 
buffers are set to the high-impedance state, and the registers are reset. After 
processing in the microcomputer system, the data byte is placed in the 
registers, and this condition is flagged to the video terminal by the SR line. 
When the video terminal is ready to accept data for display on the CRT, 
the buffers are enabled by the video terminal, the byte is passed to the CRT 
display, the buffers are again returned to the high-impedance state, and the 
registers and SR line are reset. 


1-12-2 Serial I/O IC 


Operation of a serial I/O circuit is generally far more complex than 
that of the basic parallel I/O circuit just described. In addition to all the 
control, timing, and data-transfer functions, a serial I/O must also convert 
from parallel to serial and vice. versa for each exchange of information 
between the peripheral and microcomputer system. Because of this com- 
plexity, and because each manufacturer uses a somewhat different system 
for their 1/O devices, the discussions of serial I/O ICs are covered in the 
related Chapters 3 through 7, and in Chapter 2. 


1-13 BASIC MICROCOMPUTER SYSTEM 


Now that we have covered basic microcomputer hardware (microprocessor, 
ROM, RAM, and I/O ICs) and the circuits within these ICs, we are now 
ready to describe a simple, yet complete microcomputer system. 

Figure 1-25 is the block diagram of an elementary microcomputer 
system. This is the basic RCA system described more fully in Chapter 3. 
The circuits shown in Fig. 1-25 provide for control of the I/O devices, 
transfer of data or control information between I/O and memory, move- 
ment of data bytes between different memory locations, and interpretation 
of data bytes stored in memory. The system consists of a microprocessor, 
ROM, RAM, and I/O. All these devices can be interfaced directly without 
external components. The only external component required (besides a 
power supply and wiring) is a crystal for frequency control of the clock 


signal pulses. 


1-13-1 System functions 

The major functions performed by the system of Fig. 1-25 include: 

1. Control of peripheral devices such as video terminals, tape/card 
readers, printers, etc.). 


2. Transfer of data and/or control information between the peripheral 
devices and memory. 


58 Introduction to Microprocessors and Microcomputers Chane 


response, The interrupt signal causes the microprocessor to suspend the 
current program sequence and execute a predetermined sequence of opera. 
tions designed to respond to the interrupt condition, After servicing the 
interrupt, the microprocessor assumes execution of the interrupted program. 
‘The microprocessor can be made to ignore the interrupt line by resetting an 
interrupt enable flip-flop. 


Direct memory access (DMA), Many microcomputer systems use some 
form of DMA, which allows data to be transferred between peripherals 
and memory without interference to the microprocessor. DMA is often 
referred to as a method for speeding up data movement between elements 
of the microcomputer system. DMA allows fast peripherals (or perhaps 
another microprocessor) access to the system memory without taking up 
microprocessor time. In actual practice, however, DMA does use some 
microprocessor program time. How much time depends on the DMA system 
in use. DMA systems are discussed further in Chapters 3 through 7. 

Tn the system of Fig. 1-25, two DMA lines (DMA-IN and DMA-OUT) 
are provided for special types of byte transfer between memory and I/O 
devices or peripherals. Activating the DMA-IN line causes an input byte to 
be immediately stored in a memory location without intervention by the 
program being executed, Activating the DMA-OUT line causes a byte to be 
immediately transferred from memory to the requesting peripheral or 
1/0 circuit. 

A register within the microprocessor is used as a DMA pointer, This 
builtin DMA memory pointer register is used to indicate the memory loca- 
tion for the DMA cycles, The program initially sets the DMA pointer to a 
beginning memory location. Each DMA byte transfer automatically incre- 
ments the pointer to the next-higher memory location. Repeated activation 
of a DMA line can cause the transfer of any number of consecutive bytes 
10 and from memory independent of concurrent program execution. 

Note that the DMA lines, as well as the INT (interrupt) line, are 
shown with an overbar in Fig. 1-25. This means that these lines are active 
when at zero volts (or binary 0, or low), and that a +5 V (or binary I, or 
high) signal must be applied to these lines when they are not in use. 


Data transfer. Peripherals and 1/O device circuits can cause data transfer 
by activating a flag line, the interrupt line, or a DMA line. The flag lines 
must be sampled by the program to determine when they become active 
(a request for service by the peripheral or 1/0) and are used for relatively 
slow changing signals. Activating the interrupt line causes an immediate 
microprocessor response, regardless of the program currently in progress, 
suspending operation of that program and allowing real-time access. Use of 
DMA provides the quickest response with the least disturbance of the 
program, 


1.13:7 Wait and clear control signals 

The WAIT and CLEAR lines are, in effect, the start-stop and reser 
or initialize control lines, respectively. 

When the WAIT line is active (0 V), microprocessor operation is halted. 
Microprocessor operation can start when the WAIT line is at 5 V. 

When the CLEAR line is at 0 V, the microprocessor is initialized (all 
registers set to zero or to the desired starting value). When 5 V is applied to. 
the CLEAR line, the microprocessor starts the program. 

When both the CLEAR and WAIT lines are active (0 V), the micro- 
processor is stopped and is in the program load mode, ready to accept a 
program. With both CLEAR and WAIT at 5 V (inactive) the microprocessor 
is turned on and is processing the program loaded into the memory and 
registers. 


1-13-8 Clock and crystal control signals 

Clock pulses are applied to the microprocessor and the entire system 
through the CLOCK line. The clock pulses can be from an external source, 
such as a peripheral or an external oscillator, or can be generated internally 
when a quartz crystal is connected between the CLOCK and XTAL lines, 
If a crystal is used, the frequency of the clock pulses is determined directly 
by the crystal. For example, a 1-MHz crystal produces a clock frequency of 
1 MHz, and the duration of each clock pulse cycle is 1 us. When an external 
clock pulse is used, the system operating frequency is determined by the. 
external source. The maximum operating frequency for the system of 
Fig. 1-25 is 6.4 MHz, when a 10-V power supply is used for the micro- 
processor, With the more common 5-V supply, the maximum clock frequency 
is 3.2 MHz, A further discussion of timing and clock frequencies is provided 
in Sec. 1-14. 


134 SYSTEM TIMING AND SYNCHRONIZATION 


It is obvious that all the system functions described in Sec. 1-13 and shown 
in Fig. 1-25 must be synchronized as to time. For example, if a data byte is 
to be entered into memory at a particular address, that (and only that) data 
byte must be on the data bus when the desired address byte is on the address. 
bus. If the two bytes (data and address) are not synchronized exactly, the 
data byte will be entered at the wrong address (or at no address). This 
problem is overcome by timing within the microprocessor. Registers are 
opened and closed at exact time intervals to accomplish the desired results. 
System timing is primarily a function of the microprocessor, As in the 
case of microprocessor instructions, you cannot change the time relation- 
ships or operating cycles of the microprocessor. However, you can change 
system speed. As discussed in Sec. 1-13, the system speed or operating 
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dod e represents one bit in an 8-bit byte, Some functions are accomp. 
rs Me first byte; other functions require two bytes. Note tha 
there is no reference to operating speed on the clock pulse, but that one 
clock cycle is shown as a time interval IT (at clock pulse 3 on the top line), 
This is known as a clock period, 1f the clock frequency (set by the crystal 
or other external clock pulse source) is 1 MHz, the time interval or clock 
T is approximately I us. 

on ing standpoint, the timing intervals and relation- 
ships are not that critical, It js generally more important that the programmer 
know that it takes one or two bytes to accomplish à given function or 
instruction. However, from a design or troubleshooting standpoint, timing 
synchronization is critical, For example, when considering a design, the 
maximum operating speed of the microprocessor and the number of bits 
(or bytes) required for each of the instructions determines the number of 
functions that can be accomplished in a given time. 

From a troubleshooting standpoint, the timing can be even more 
critical. For example, as discussed in Sec. 1-18, one of the standard trouble. 
shooting techniques for microprocessor-based systems is to display the 
microprocessor signal pulses (as many as possible) on an oscilloscope or 
logic analyzer. In effect, the timing diagram of Fig. 1-26 (or a significant 
portion of it) is displayed on a CRT. Then the time relationships are compared. 

As an example, note that the timing pulses TPA and TPB (sent from 
the microprocessor to control peripherals and 1/O circuits) occur at 8-bit 
(one-byte) intervals. However, TPB occurs 5% bits (or 514 cycles) after 
TPA. If either TPA or TPB were absent or abnormal (wrong time relation- 
ship—say 3 bits apart instead of 5% bits), this would pinpoint a fault in 
the system. 

At is essential that you understand the time relationships of a micro- 
Processor, just as you must understand the instruction set, to make full use 
of à microprocessor (or to troubleshoot a microprocessor-based system). 
Such timing diagrams are found in the microprocessor literature. It is not 
uncommon to have several timing diagrams, one for each major function or 
group of functions, For example, as discussed in Chapter 3, the literature 
for the system shown in Figs. 1-25 and 1-26 provides six timing diagrams 
(one cach for input instruction, output instruction, DMA-IN, DMA-OUT, 
interrupt, and instruction set). 

For these reasons, we will not go into a full discussion of timing here. 
However, one point of interest should be noted in Fig. 1-26. Each machine 
cycle consists of eight clock pulses (or a full 8-bit byte), and each instruction. 
or function requires two or three bytes (or two or three machine cycles, 
Whichever term is used by the microprocessor manufacturer). This relation- 


ship among clock bits, machine cycles, and instruction or function timing is 
common to many microprocessors, 
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computer system is used for control or processing of information to and 
from other electronic devices (such as when a microprocessor-based system 
is used in industrial control), Human-to-machine communication is usually 
the job of peripheral equipment, As is discussed in Chapter 2, there are 
many peripheral devices available for use with microcomputer systems, 

For simplicity, we have chosen a manually operated keyboard device, 
This keyboard permits the operator to enter information into any location 
inthe memory or to insert extra instructions. Our keyboard is in the form of 
a typewriter (similar to a teletype or TTY instrument). With this arrange- 
ment, the typewriter can both insert and print out information. As an 
alternative, we can use a video terminal, where information is inserted by 
thc keyboard and read out by the CRT video display. 

The information fed to the microcomputer from the peripheral key- 
board falls into two general categories. There are the data bytes (consisting of 
numbers, alphabetic letters, symbols, or combinations of all three that are 
to be processed), and the instruction bytes (the commands indicating how 
the data bytes are to be processed). Since the microcomputer's language is 
composed of binary numbers (in electrical pulse form), all information to 
beused must first be converted to numbers (or combinations of letters and 
mumbers) and then the numbers must be converted to binary numbers. 

In the LENKMICROCOMP keyboard, the conversion is done by 
means of a decoder. The keyboard decoder converts letters, numbers, and 
symbols from the keyboard into an ASCII code which appears at the key- 
board output in the form of an 8-bit binary word or byte. This byte is in 
parallel form, and is applied to the microcomputer's 8-bit 1/O IC. As an 
example, assume that the letter A on the keyboard is pressed. This is con- 
verted to a hex 41 by the keyboard decoder, and appears as binary 01000001 
at the 1/0 terminals. 


1-153 Microcomputer program 

Microcomputers solve problems in a step-by-step manner. Since the 
microcomputer cannot think by itself (contrary to popular opinion), a 
program must be prepared that breaks the problem down into a series of 
sequential, logical, and simple steps. This is the task of the programmer. 
While an extended discussion of the art of programming (and ìt is an art, 
not a science) is not intended for this book, you, the reader, must have some 
understanding (preferably a very detailed understanding) of the program if 
you are to learn how a microcomputer operates. For example, as discussed 
in Sec. 1-18, the first step in troubleshooting a microcomputer is to operate 
the system through its normal program and note any abnormalities in 
operation, sequence, or failure to perform a given step. 

Since there are many variations among microprocessors, programs 
must be specifically developed for a particular microprocessor. The pro- 
grammer must know the microprocessor language and the manner in which 
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verted to a program or sah set of instructions (in machine language) 
nicroprocessor can follow, 

apan process is known as assembly and is discussed jn 

See, 1-17. Some microprocessor manufacturers provide software programs, 

known as assemblers, that aid in the conversion process, pe 

There are many ways in which manufacturers identify their insructions, 
First, some manufacturers call their instructions operation codes (or simply 
op codes). In some cases each op code or instruction is identified bya binary 
number. This is the same binary number applied to the data inputs of the 
microprocessor to initiate an instruction or function, as discussed in Sec. 1-8. 
However, as discussed in Sec. 1-17, machine-language programming (using 
binary numbers) is very laborious and subject to error, except for very 
simple, short programs. 

Most microprocessor manufacturers identify the instructions by an 
alphabetic abbreviation or mnemonic, by a numeric abbreviation (usually 
in hex), and by an assembly code or statement. Examples of such identifica. 
tion for our LENKMICROCOMP are shown in Fig, 1-28. Note that the 
assembly code or statement is used for the convenience of the programmer 
when writing a program. However, only the numeric portion is used by the 
microprocessor (in binary form). Hex is used as shorthand for the binary 
number, 


Alphabetic Numerical 
(Mnemonic) Representation 
Representation Hex — Binary Meaning of Instruction. 
CAD 3A 001! 1010 Clear accumulator and add 
ADD 38 0011 1011 Add 
SUB 3C 0011 1100 Subtract 
MUL 30 001 1101 Multiply 
DIV 3E 0011 1110 Divide 
STO 3F 000 1111 Store 
PRT 7A 0111 1010 — Print 
HLT 00 0000 0000 Halt 


Figure 1:28 Examples of typical op codes for the LENKMICROCOMP 


Both the numbers representing the instructions and the numbers that 
constitute data are stored in the memory at particular addresses, Each 
instruction or data byte is stored. at a separate address. The programmer 
must keep a record of the address or each instruction or data byte. Then, if 
the programmer wishes the microcomputer to obtain any specific instruction. 
or data byte, the address is put on the address bus by the program, and 
the instruction or data stored at that address appear on the data bus. 
Arrangement of instruction addresses. There are several methods for 
arranging the instruction addresses in the memory. Since the instructions 
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counter advances to instruction address 0007, which directs the micropro. 
cessor to halt. 


1-156 Special program instructions 

In addition to the routine instructions for our LENKMICROCOMP 
system, typical examples of which are shown in Fig. 1-28, there are a number 
‘of instructions that help make the microcomputer a flexible, decision-making 
machine, These are the branch instructions (also known as jump, skip, or. 
transfer instructions) shown in Fig. 1-30. These instructions direct the 
microcomputer to leave the main program at some designated Point and, 
under proper conditions, branch or jump to some other designated point in 
the program. This is sometimes known as a branch or subroutine call, 


Alphabetic Numerical 
(Mnemonic) Representation 
Representation Hex — Binary Meaning of Instruction. 
BRA 20 00100000 Branch, unconditionally 
BRN 21 00100001 Branch, on negative. 
BRP 22 00100010 Branch, on positive. 


Figure 130 Examples of branch op codes for the LENKMICROCOMP. 


For example, assume that op code 20 and address 0033 appears at a 
certain point of the program, say at instruction address 0011. The instruc- 
tion (op code 20) tells the microprocessor to leave the main program at this 
point and branch or jump to address 0033. However, the program counter 
first increments by 1 to address 0012. The contents of the. program counter 
(0012) are then put into an address in an unoccupied area of memory, 
usually called the stack. The stack thus saves the address of the instruction 
to be executed after the branch routine is completed, 

With the address of the next step in the main program safely stored 
in memory, the program counter goes to the address specified by the branch. 
instruction (0033 in our case). After the instruction at 0033 is performed, 
the microprocessor follows, in sequence, instructions at addresses 0034, 
0035, and so on until the last address of the branch instruction is reached. 
This last address usually contains an instruction to return to the main pro- 
gram. Such an instruction need specify no address. When the microprocessor 
receives a return instruction, the microprocessor replaces the current 
contents of the program counter with the address stored in the stack (0012). 
This causes the microprocessor to resume execution of the original program. 
at the point immediately. following the original branch instruction. 


Conditional and unconditional branches. We have described above an 
example of an unconditional branch instruction. The other two branch 
Instructions shown in Fig. 1-30, BRN (op code 21) and BRP (op code 22), 
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ions of which are to be printed on the peripheral typewriter, 
ESCM can produce one 8-bit data byte output (or one aj 
character) for each machine cycle, but it may take the typewriter the ‘equiva. 
lent of several machine cycles (or several dozen) to actually print out the 
character specified by the data byte. The microprocessor could then remain 
idle, waiting until the typewriter can accept the next data byte. 

If the microprocessor is capable of interrupts, the microprocessor can 
output a data byte, then return to data processing. When the typewriter is 
again ready to accept the next data byte, the typewriter can request an 
interrupt. When the microprocessor acknowledges the interrupt, the main 
program is suspended, and the microprocessor automatically branches to 4 
routine that will output the next data byte. (This is known as servicing the 
peripheral device, or servicing the interrupt.) After the data byte is delivered 
to the typewriter and the corresponding character is printed, the micro. 
processor continues with main program execution. Note that this is, in 
Principle, quite similar to a branch or subroutine call, except that the jump 
is initiated externally (by the typewriter) rather than by the program, 

There are more complex interrupt schemes, particularly where several 
peripherals must share the same microprocessor. Usually, such interrupts 
involve assigning priority levels (prioritizing) the peripherals. One approach 
(called the polled method) is for the microprocessor to check each peripheral, 
in turn, on a given priority basis, for a service request. The polled method 
is generally wasteful, since part of the main program is used up whether the 
peripherals need service or not. It is generally more effective for the micro 
processor to stop only when the peripheral sends an interrupt. The perì- 
pherals can still be assigned priorities. For example, if peripheral A is first 
priority and B is second priority, A will be serviced before B if both peripherals 
make a service request simultaneously. B will be serviced first only if A is 
not making a request. 


1-16 MACHINE LANGUAGE VERSUS 
ASSEMBLY LANGUAGE PROGRAMMING 


A microprocessor may be programmed by writing a sequence of instructions 
in binary code which the microprocessor can interpret directly. For example, 
referring back to Fig. 1-28, the instruction for addition is binary 00111011. 
If this byte is programmed into memory and then appears on the dara bus 
When the microprocessor data port is open, the microprocessor will ad 
(probably the contents of one Tegister to another). This is machine language 
Programming and is useful only where the program to be written is small. 
At best, writing a program in machine language is a tedious task, 
Subject to many errors. The task of Writing a program can be speeded up, 


and errors minimized, when hex is used instead of binary (both hex and 
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statement and eliminates the need for a third symbol equal 
to ALFA*BETA/2. 


Conditional assembly. Conditional assembly allows the programmer to 
select only certain portions of the assembly language (Source) program 
for conversion to machine (object) code at assembly time. This allows the 
inclusion of various debugging routines to be included in the program 
during development. Using conditional assembly, these routines can be left 
out when the final assembly is done. Conditional assembly also allows 
several versions of one basic program to be generated, by selecting various 
portions of a larger program at assembly time. 


Macro assembly. A macro instruction is essentially a symbol that is recog- 
nized by the assembler to represent a specific sequence of several standard 
instructions. A macro is a shorthand way of generating the same sequence 
of instructions at several locations in a program without having to rewrite 
the sequence each time it is used. For example, a typical macro instruction 
might be one that performs a subtract operation, Some microprocessors 
do not have a single instruction that performs subtraction, but require 
several instructions, such as 


COMP A (complement the accumulator). 
ADD A REG (add the contents of register to accumulator), 
COMP A (complement the accumulator). 


This routine subtracts a register from the accumulator and leaves the 
result in the accumulator. The sequence can be defined as a macro with the 
name SUB, and can specify a register by number (such as register 1, 2, 3, ete.). 
To subtract register 3 from the accumulator, the programmer writes SUB R3, 
and the assembler will automatically insert the three instructions, with R3 
substituted for REG. 

Once the assembly language source code is written, it can be converted. 
to a machine-executable object code (in binary form) by passing the source 
code through the assembler program. 


1-17. DEVELOPMENT OF 
A MICROPROCESSOR-BASED SYSTEM 


The exact procedures for development of a microprocessor-based system 
(such as a microcomputer) are different for each type of microprocessor, 
and depend on such factors as what Support equipment and design aids 
(simulators, emulators, etc.) and Support software (assembler programs, 
debug programs, etc.) are available from the manufacturer of the micro- 
Processor, [Those systems that include a very complete line of hardware, 
Software, design aids, and so on, are said to be pervasive. When a particular 
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your own applications by writing several exercise programs that perform 
basic functions. For example, in a typical microprocessor Program, you 
may require such things as 1/0 routines, delays, counting functions, look. 
up tables, arithmetic functions, and logical operations. E 

Once you have made up routines to solve these functions, you can 
retain the programs to serve as a set of “building blocks" for future applica. 
tions programs. For example, when you have developed a routine for 
subtraction that is compatible with your particular microprocessor, you can 
use the same routine for all future programs. Several sample programs are 
included in the remaining chapters of this book, 


1-17-5 Defining system functions with a flowchart 


^ flowchart similar to that shown in Fig. 1-27 is probably the simplest 
method of defining the functions to be accomplished by a program. Thus, 
when you think you thoroughly understand your microprocessor, the system 
functions to be implemented by a program can be defined using the flow- 
chart method. Of course, the flowchart must include all the functions to 
be accomplished and the sequence in which the microprocessor must execute 
these functions. Once the system application is flowcharted, you can identify 
and analyze all the critical time-related functions and then write a sample 
program to verify that performance requirements can be met. 

Keep in mind that there are usually many, many ways to accomplish 
the same overall system function, using the same microprocessor; but with 
different programs. Of course, each program will have a different number 
of steps. Generally, the shortest program is the most desirable, for obvious 
reasons. The shortest program requires the least amount of memory (and 
thus requires a minimum of ROM/RAM ICs), results in the fastest system, 
and keeps the chance for error at a minimum. 


1-17-6 Defining hardware configuration 


When you have defined the system function with a flowchart, and 
written a sample or trial program, the next step involves defining the hard- 
ware required lo implement the function. For example, input/output cap- 
ability must be defined in terms of number of inputs, number of outputs, 
bidirectional lines, latching or nonlatching 1/0, output drive capabilities, 
and so on. Likewise, the number of words of RAM storage required for 
intermediate results and data storage must be determined, (Some systems 
require a battery backup to maintain the RAM data in case of power failure.) 


Amount of program memory. Typically, the most difficult hardware 
Parameter to define is the amount of program memory needed to store the 
applications program. (Program memory is stored in the ROM.) Although 
Previously written exercise programs will make this “guestimate” more 
accurate, a generous amount of breathing room should be allowed in 
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"reauboard"" (experimental) form, power is applied, and the program is 
tested for bugs. 

The PROM can be erased and reprogrammed as necessary until the 
program is free of bugs. Then the erasable PROM can be replaced by a 
permanent PROM that is programmed using the desired (bug-free) program. 
The final ROM is connected in the system, and the program is given a 
final test. At this point, you have a complete, functioning, microprocessor- 


based system. 


117.9 Sophisticated hardware approach 

The basic hardware approach described in Sec. 1-17-8 is slow, tedious, 
and generally inefficient, except for very simple programs (and is the system 
followed by the average student/hobbyist). Most major microprocessor 
manufacturers provide design aid hardware to simplify and speed up develop- 
ment of a microprocessor-based system. Such hardware includes simulators, 
emulators, and evaluation kits. Some of these design aids also include 
software or area combination of software and hardware. Specific hardware 
design aids for the various system are described in Chapters 3 through 7. 
Here we concentrate on a typical system. 

A typical hardware design aid includes a microprocessor, ROM, RAM, 
and I/O as well as some form of keyboard/display to enter and read out 
programs. All these devices are interconnected on a board or chassis, 
possibly using plug-in PC (printed circuit) boards and ICs. In effect, a 
complete microprocessor-based system (including a keyboard/display), 
interconnecting wiring, and power supply are provided, using compatible 
ICs of the same manufacturer. The hardware is supplied with a users’ 
manual which includes operating instructions and sample programs. The 
advantage of such a system is obvious. You can develop a complete, func- 
tioning system (including the programs to meet your application needs) 
without having to assemble various hardware components on a trial-and- 
error basis. Once you have the designed system and the debugged programs, 
you can order the exact hardware from the manufacturer, including how 
you want the ROM programmed. 

The PROMPT 48, which is part of the Intel system described in 
Chapter 5, is a typical design aid using the sophisticated hardware approach. 
The system is described further in Chapter 5 and will not be duplicated 
here. However, the following is included to help you understand the basic. 
element of the hardware approach. Keep in mind that the Intel system of 
Chapter 5 is a complete, microprocessor-based system, or microcomputer, 
all contained within a single IC, 

The PROMPT 48 is a low-cost design aid consisting of an 8748 pro- 
cessor (which is the Intel designation for their single IC microcomputer 
with erasable PROM) to execute programs; control circuitry to provide the 
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use some form of assembler (or possibly a macroassernbler), described 
in Sec. 1-16-1. In some cases, the assembler is used in conjunction with 
manufacturers’ design-aid hardware. That is, you can write the program in, 
assembly language, enter the program in the design-aid hardware, and end 
up with a machine language program (usually on paper tape or magnetic 
disks). In other cases, the software is designed for use with in-house com- 
puters, (The assembler is actually a cross-assembler used with a host computer; 
Sec. 1-16-1.) In other cases, the assembler is used with time-sharing com- 
puter systems, Some typical software design aids are described in Chapters 3 
through 8. 


1-17-11 Production of a microprocessor-based system 


Once a working program has been achieved, a preproduction phase 
usually follows wherein several prototype systems (possibly with micro- 
processors of different manufacturers) are evaluated in simulated situations. 
or in actual field operation. During this period, the use of an erasable ROM 
allows quick alteration of the program when problems (bugs) or suggested 
changes arise. Depending upon the magnitude and number of future changes 
anticipated, the first production units may be shipped with an erasable 
PROM. However, for maximum cost-reduction potential in high-volume 
applications, a custom ROM (programmed at the factory by the manufac- 
turer) is usually necessary. This is an easy transition if two conditions are 
met: (1) the custom ROM must be compatible in electrical terminal con- 
figuration (pin for pin) and in machine code, and (2) you must have retained 
a paper tape of the program in machine code (as you will if you follow hard- 
ware and/or software approaches of Secs. 1-17-9 and 1-17-10). Generally, 
you can ship the paper tape to the ROM manufacturer along with your order. 


118 TROUBLESHOOTING 
MICROPROCESSOR-BASED SYSTEMS 


A microprocessor is a solid-state, digital-programmed device. Thus, all the 
troubleshooting techniques that apply to such devices also apply to the 
microprocessor. For example, most microprocessor-based system failures 
can be solved using multitrace oscilloscopes, as well as logic clips, probes, 
and pulsers. Such troubleshooting basics are described in the author's 
Handbook of Practical Solid-State Troubleshooting (Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1971) and will not be repeated here. 

However, there is one instrument that can be used very effectively in 
microprocessor systems, This instrument is called the /ogic analyzer or 
logic-state analyzer. The following paragraphs describe the basics involved 
when the logic analyzer is used with microprocessor systems. 
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Figure V36 Hewlett-Packard 1610A logic analyzer and some related 
displays 
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Figure 1-38 Typical tabular data (data-domain) display as produced 
ona logic analyzer. 


through the complete program, but only the desired portion of the program 
isdisplayed. 

Figure 1-39 shows a comparison of a typical program listing versus a 
logic analyzer display. In this example, note that both the address and data 
bytes are shown for 16 steps of the program. However, only the first nine 
addresses are of interest, with address 0004 being of special interest. Compare 
this tabular display with that of the timing display (Fig. 1-37), Even those 
readers not familiar with troubleshooting will quickly realize the advantages 
of a tabular display for microprocessor troubleshooting and for debugging. 
Keep in mind that the program can be operated at near its normal speed, 
and can be examined on a line-by-line basis, 16 lines at a time. The next 16 
lines can be selected by the simple setting of a switch or touch of a key. Com- 
pare this with single stepping through the entire program, 


118-6 Mapping display 

Another display unique to logic analyzers is the mapping display or 
mapping “signature.” A mapping display is formed by connecting the MSB 
bits of a data word to the vertical deflection circuits of the logic analyzer 
(those circuits that cause vertical deflection of the oscilloscope trace), while 
the LSB bits are connected to the horizontal deflection circuits. This produces 
a series of dots as shown in Fig. 1-40. In the mapping mode, the display is an 
array of 256 dots instead of a table of Is and Os, Each dot represents one 
possible combination of the 16 input lines so that any input is represented 
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(Positive logic, hexadecimal notation) 
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Figure 140 Typical mapping display as produced on a logic analyzer. 


by an illuminated dot. An input of all Os (or 00 00 in hex) is at the upper left 
corner of the display, whereas an input of all Is (or FF FF in hex) is at the 
lower right, The dots are interconnected so that the sequence of data changes 
can be observed. The interconnecting line gets brighter as it moves toward à 
new point, thereby showing the direction of data flow 

When the mapping display is used to monitor a microprocessor program, 
ora portion of a program, the display assumes a unique pattern or signature. 
Once you have learned to recognize the patterns, it is relatively easy to tell at 
a glance if the program is proceeding normally. Compare the table and map 
display of Fig. 1-41, The same data bytes (16 words, 16 bits per word) are in 
tabular form in Fig, 1-41a, and plotted in a map format in Fig. 1-416. 
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Figure 1-41 Comparison of tabular display and mapping display as 
produced on a logic analyzer 


Some logic analyzers are provided with a cursor function to help locate 
Specific points in the mapping display. Generally, the cursor is a bright 
circle that can be manipulated over the display by the analyzer controls. In 
Use, the cursor is positioned over an area of interest on the map and the 
address or data word is read out on the analyzer controls. For example, 
as shown in Fig. 1-42, there is a gap between the sixth and seventh lines of 
the display. By positioning the cursor over the last dot in the sixth line and 
reading the corresponding word on the controls, you know the exact address 
9r data word at which the malfunction occurs 
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1t should be noted that peripheral and support equipment are some- 
times interchangeable. For example, a keyboard/display used during design. 
or development of a microprocessor system can also be used to enter and 
display data once the system has been developed. For these reasons, we shall 
concentrate mostly on the basics of peripheral/support equipment in this 
chapter, and describe the details of specific manufacturers’ support equip- 
ment in the related chapters. 


2-1 THE NEED FOR PERIPHERAL EQUIPMENT 


The primary function of peripheral equipment is to translate human instruc- 
tions and data into microprocessor language (binary data bytes) and from 
microprocessor language into a form suitable for readout. In effect, the 
peripheral equipment (in conjunction with the microcomputer I/O IC) 
reconciles the “outer world" with the microcomputer. 

There are two major reasons for this reconciliation or translation, 
First, the outer world rarely expresses anything in binary data bytes, (Gen- 
erally, the outer world uses numbers, letters, words, etc.) However, the 
microprocessor always uses binary data bytes, Second, the microprocessor 
operates at extremely high speeds when compared to the outer world. For 
example, in the fraction of a second that it takes to strike a key of an input 
typewriter, a microprocessor can perform hundreds or thousands of 
operations. 


2-1-1 Peripherals in data processing 

To take advantage of available microprocessor speed when used in 
data-processing applications, the information to be processed is prepared 
in advance and stored, Common storage forms include paper tape, punch 
cards, and magnetic tape, drums, or disks. The basic relationship between 
a data-processing microcomputer and peripheral devices is shown in Fig, 2-1. 

Note that the terms on-line and off-line are used to indicate direct 
and indirect connection to the microcomputer. For example, a paper-tape 
punch that is operated by an electric typewriter is an off-line device for 
indirect input. The paper-tape reader that converts holes in the paper tape 
into pulses applied to the microcomputer is an on-line device for direct 
input. Information is put into the off-line devices by human operators. 
The on-line devices then automatically convert the information into data 
bytes (in pulse form) for application to the microcomputer, On-line devices 
require only that the human operator load the tapes or cards, and turn 
‘onthe unit, 

With a data-processing system such as the one shown in Fig, 2-1, the 
microcomputer does not have to wait for the operator to type out messages, 
since the microcomputer can read directly from the tapes or cards. Large 
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a single instrument. One common use for a paper-tape instrument is to 
convert a microcomputer program into machine language. For example, 
a program can be entered into a computer (host computer, time-sharing 
computer, support simulator, etc.) using assembly language and an assembler. 
The output from this computer is a program in machine language which js 
punched into paper tape. The punched paper-tape program is then read 
into the microcomputer in machine language. 

It should also be noted that paper-tape machines are generally useful 
in computer/data-processing applications, and were in use long before 
microprocessor-based equipment. For example, recording on paper tape is 
often done with machines that punch data received directly from a type- 
writer or keypunch, or over telephone lines. Paper-tape reader outputs can 
sometimes be used to drive typewriters directly, or over telephone lines, 


24-1 Paper-tape reader 


As shown in Fig. 2-7, information stored on paper tape is recorded 
in patterns of round punched holes located in parallel tracks (or channels) 
along the length of the tape. A character is represented by a combination 
of punches across the width of the tape. Paper tapes vary in width according 
to the number of channels they contain. Typically, paper tapes have either 
five or eight channels. 

Paper-tape systems are ideally suited to the binary (or two-state) 
system used in microcomputers, since the basic indication of paper tape is 
either *'hole" or “no hole." Two methods of sensing the binary bits are 
shown in Fig. 2-7. 

In the system of Fig. 2-7a, wire brushes complete a circuit through the 
tape holes to a metal plate underneath the tape. As the tape is drawn across 
the plate, the brushes either complete the circuit through a hole (producing 
an output pulse) or fail to complete the circuit where there is no hole (pro- 
ducing no output pulse). Generally, an output pulse (hole) represents a 
binary 1, whereas no output pulse (no hole) represents a 0, Note that one 
brush is used for each track or channel of holes. 

In the system of Fig. 2-7b, a light source is placed on one side of the 
paper tape, with photocells located on the opposite side, One photocell is 
used for each track or channel of holes. As the tape moves, the light strikes 
a photocell wherever there is a hole, producing an output or binary 1. No 
‘output (binary 0) is produced when there is no hole, since the light cannot 
pass to the corresponding photocell, 

The holes in the paper tape can be located only at predetermined 
sites, as shown in Fig. 2-7c. Each set of holes across the tape represents one 
character, A series of characters makes up a word. Location holes guide the 
tape through the reader and hold the tape in proper position for reading. 
At each character, the tape is stopped momentarily for reading, after which 


5x7 
matrix 


Pins extended — 
to strike 
paper 


Paper 


Solenoids 


‘operated by pulses 
from microcomputer 


Figure 2:11 Basic matrix printer. 


a maximum rate of 110 per second. This is equivalent to about 65 lines per 
minute. The impact head prints on 8%-in-wide roll paper using a conven- 
tional teletypewriter ribbon. Optoelectronic sensing is used to accurately 
position each dot and permit characters to be printed “on the fly." Cir- 
cuitry within the printer cabinet is contained on an electronics board and 
a parallel buffered interface board. In addition to control functions, these 
boards contain an 80-character by 8-bit MOS static shift register and an 
MOS character generator that is ROM-programmed with a 64-character 
ASCII code subset. 


Figure 2-12. Motorola EXORprint tabletop impact printer. (Courtesy 
Motorola Semiconductor Products, Inc.) 
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2-7-1 Tape recorder amplifier characteristics 


The amplifiers used in microcomputer recorders do not require the 
high fidelity of entertainment units, because microcomputer recorders 
operate with binary information (bits and bytes of data) rather than voice 
or music. Data bytes are recorded (written) and played back (read) on a 
present or absent basis (in most cases). Often, a binary | is represented 
by the presence of a magnetic field on the tape (sometimes known as a 
magnetic spot), while the absence of a field represents 0. In other systems, 
the direction of the magnetic field (north or south, + or —, etc.) represents 
aloró. 

Because of the on-off method of recording, microcomputer tape 
recorders generally do not have the supersonic bias signal applied to the 
tape for linearity, as is the case in other recorders, where high fidelity is 
required. However, microcomputer recording systems often use a fixed de 
bias to place the tape in a condition to be magnetized by the data bytes, 


2-42 Tape characteristics 

The tapes used in microcomputer reel-to-reel recorders are generally 
longer than those of home units; 2400 or 3600 ft is standard. The cassette 
tapes used with microcomputers are generally the same as for entertainment 
units. Although early magnetic tapes were made of metal, all popular tapes 
are now made of plastic, coated on one side with metal oxide. The oxide can 
easily be magnetized and retains its magnetism indefinitely. The data bits 
are placed across the width of the tape on parallel tracks running along 
the entire length. Figure 2-15 shows the recording format for a typical 
cassette tape used with microprocessor-based systems. 


2-23 Tape-coding systems 

‘The pattern of the magnetized spots across the width and along the 
length of the tape is a coded representation of the data stored on it. Several 
codes are used, as is the case with paper tape. If some code other than 
machine language has been used to record data on the tape, a decoder is 
required between the tape reader and the microcomputer input. Likewise. 
the output from the microcomputer is applied through a decoder to the 
tape recorder during “record” or “write” operation (unless the data byles 
are to be recorded in machine language). 

Figure 2-16 shows a tape recording format using the ASCII code. Note 
that there are eight channels on one track, Seven of the channels are used 
for the 7-bit ASCII code, and the eighth channel is used for a parity bit 
(discussed in Sec. 1-7), Thus, the eight channels provide for one character 
(letter, number, or symbol) across the width of the tape. In Fig. 2-16, each 
dash or short line represents a binary 1. The absence of a dash represents 
a binary 0. 
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other to sec if the write protect tab (sometimes called the file protect tab) 
is removed. If the cassette tab is removed, the tape Is “write-protected” 
and circuits within the cassette disable the write circuits. Signals from these 
switches or sensors are available at the interface, and the microcomputer 
must check them prior to issuing any "motion" commands to the tape 
transport. 

Just as important, but perhaps not as obvious, there must be some 
system to ensure that the data bytes are recorded accurately. There are three 
main concerns in recording data bytes. First, all the bits must be recorded. 
Second, the bits must be readable. Third, the bits must be recorded in correct 
order, both horizontally and vertically on the tape. Several systems are used 
to ensure these conditions. 


Dual recording. Where reliability is particularly important (such as when 
real-time data bytes are being recorded on a one-time-only basis), dual 
recording systems can be used. In such systems, each data byte is written 
twice in each frame across the width of the tape by two sets of heads, 
amplifiers, and so on. Of course, this requires twice the number of channels 
and tracks. Note that there are two eight-channel tracks on the format 
of Fig. 2-15, 


Constant-check read/write. Some systems provide a constant check (for 
readability) of data bytes being recorded. (These systems are sometimes 
known as dual-gap read/write arrangements.) All characters or data bytes 
written on tape are immediately read by a separate head (or winding) 
adjacent to the write head. Both readability and accuracy can be checked 
in this way. 

A basic constant-check system is shown in Fig. 2-20. In this system, 
information in the microcomputer output register is amplified and written 
onto the tape by a write head. Only one bit is shown in Fig. 2-20. The 
circuit is repeated (amplifiers, heads, etc.) for each bit in the register. As the 
tape moves, the bit is read out immediately, amplified, and applied to 
another readout register. Each bit in the readout register is compared against 
the corresponding bits in the output register, using a comparator circuit. 

The recording operation continues as long as the recorded bits are 
readable and in agreement with the bits in the output register. If there is 
any inequality between the two registers, the comparison circuit stops the 
tape drive and sends a flag to the microcomputer. In some systems, the 
tape drive is reversed, and the bit is rewritten at the appropriate location 
‘on the tape. 


Parity and cyclic redundancy check (CRC) circuits. When dual record- 
ing and constant-check systems are not practical, parity and CRC circuits 
can be used to check the accuracy of bits on the tape. 
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As shown, each data block is identified by a three-digit decimal 
number (from 000 to 255). The read heads are connected through amplifiers, 
‘and gates to the microcomputer input. When the gates are opened, the 
information being read is fed into the microcomputer, The gates are opened 
upon command from a comparator circuit. This comparator compares the 
data in address selection register with data in the readout register. The 
address selection register is set to the desired address (data block 233 in the 
illustration) by the microcomputer, and the tape drive is started at high 
speed (or search speed). When the tape is at the desired address (data 
block 233) the readout register indicates 233, and the comparator opens the 
gates. As the tape continues to move, the information in the 233 data block 
is read into the microcomputer, The tape stops at the end of the block, or 
goes to a new address, as determined by the address selection register. 

Of course, the circuit of Fig. 2-22 is oversimplified for illustration 
purposes. In practice, the tape drive and address selection circuits move the 
tape from address to address, stopping, reversing, and again moving forward 
at high speeds. 


2-8 DISKETTE (FLOPPY DISK) RECORDING BASICS 


The floppy disk is the most commonly used magnetic storage device for 
microprocessor-based systems. The floppy disk itself (often referred to as a 
diskette) is a removable magnetic storage media which is permanently con- 
tained in a paper envelope. A diskette drive is a low-cost peripheral that 
performs the electromechanical and read/write functions necessary to 
record and recover data on the diskette. Figure 2-23 shows a typical diskette 
and diskette drive mechanism, The diskette is similar to the 45-rpm record. 
However, the diskette rotates at a speed of 360 rpm (typical), and the data 
bytes are stored magnetically on concentric tracks over the face of the 
diskette. 

Data are recorded serially on the diskette. Usually, because of the high 
serial data rates, it is necessary to use special circuits for the serial/parallel 
conversion, data recovery, and data error checking when interfacing a 
diskette and a microprocessor system. The hardware that performs this 
function is often called a formatter. The formatter also serves as a buffer 
between the microprocessor system and the diskette, as shown in Fig. 2-24 
The formatter combines with the microprocessor system to control the 
diskette drive, and sometimes the combination is called a floppy disk con- 
troller, As used here, the term “controller” includes not only the system 
hardware, but also those microprocessor programs which directly or in- 
directly control the diskette drive. The program routines for the diskette are 
often referred to as floppy disk (or diskette) drivers or contro! modules. 
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Figure 224 Relationship between microprocessor system and 
diskette. 


2-8-1 Interfacing diskettes with microprocessors 

‘There are several considerations that must be made when interfacing 
diskettes with microprocessors, We will not discuss all of them, since they 
are essentially the problem of the system designer, However, two considera- 
tions are worth mentioning here. 

Some diskette drives are designed for ‘‘daisy-chain” interfacing, 
where some of the interconnecting lines are shared and some are dedicated. 
Other drives use the “radial” interface, where all the interconnecting lines 
are dedicated. Both interfacing techniques are shown in Fig. 2-25. Each 
technique has its advantages. The radial interface isolates (or buffers) each 
drive, whereas the daisy-chain interface requires less system hardware. 

No matter what interfacing system is used, the microprocessor is, in 
effect, busy all the time when used with a diskette. This is due to the high 
data rates involved. It also means that no other microprocessor peripherals 
can be serviced while in a diskette read or write operation. This is true 
provided that the transfer of data is controlled by the microprocessor and 
not via some type of direct memory address (DMA) hardware. Since no 
other peripherals can be serviced, interrupts generated by the other system 
elements must be disabled during diskette read or write operations. Allow- 
ances must be made in the system design to permit 100 percent system 
dedication to the diskette during read or write operations. 


2-8-2 Seek and restore operations 

Information is transferred to and from the diskette by read/write 
heads in a manner similar to that described in Sec. 2-7 for magnetic tape 
recording. (However, data bytes are stored serially on a diskette, whereas 
most tape cassettes use parallel recording of the data bytes.) One of the 
functions of the diskette drive is to position the read/write head over the 
appropriate track where the data bytes are to be recorded or read. This 
function is sometimes referred to as a seek and restore operation. 

The diskette records data on 77 circular tracks numbered 00 to 76. 
In ‚order to access a certain record, the read/write head must first be locked 
in position at the track which contains that record, The operation that per- 
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2-8-3 Data access time 

One of the primary reasons to use a diskette for storage instead of 
another type of magnetic device, such as a tape cassette, is improved data 
access time, By definition, access time includes: 


1. Seek time, or the time for the read/write head positioner to move 
from its present location to the newly specified location (typically 
10 ms/track). 

2. Settle time, or the time for the positioner to settle onto a new 
track (typically 10 ms from the last step pulse), 

3. Latency time, or the time required for the diskette to rotate to the 
desired position (typically 83.3 ms, average). 


The diskette spins at a fixed rate of 167 ms per revolution, On the 
average, the data will be one-half of a revolution, or 83.3 ms, away from 
the head. This is known as average latency (ime. 


2.84 Typical diskette specifications 

A typical diskette system records and reads data at 250K bits/s or 
4 us/bit. When used with a typical 8-bit parallel microprocessor system, 
the data rate is250 = 8 = 31.25K bytes/s, or 32 us/byte. 

‘A single (typical) diskette has a capacity of 2,050,048 bits, or 256,256 
bytes on the 77 tracks. There are 26 sectors on each track and 128 bytes 
on each sector. Track recording formats are discussed further in Sec. 2-8-6. 


28:5 Functional description of a typical diskette drive 

The diskette drive shown in Fig. 2-23 consists of read/write and control 
electronics, drive mechanism, read/write head, track positioning mechanism, 
and the removable diskette, These components perform the following func- 
tions: interpret and generate control signals, move read/write head to the 
selected track, read and write data. The relationship and interface signals 
for the internal functions of the drive are shown in Fig. 2-23. 


General operation. The head-positioning actuator positions the read/write 
head to the desired track on the diskette. The head load actuator loads 
the diskette against the read/write head and data may then be recorded or 
read from the diskette. The head position actuator, which consists of an 
electrical stepping motor and lead screw, positions the lead screw clockwise 
or counterclockwise in 15° increments. A 15° rotation of the lead screw 
moves the read/write head one track position. The microprocessor system 
increments the stepping motor to the desired track. 

The diskette drive motor rotates the spindle at 360 rpm through à 
belt-drive system. Fifty or 60 Hz power is accommodated by changing the 
drive pulley. A registration hub, centered on the face of the spindle, posi- 
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the direction as out, and if a pulse is applied to the step line, the read/write 
head will move away from the center of the diskette (toward track 00), 
Conversely, if the direction select input is shorted to ground, or a binary 0 
is applied, the direction of motion is defined as in, and if a pulse is applied. 
to the step line, the read/write head will move toward the center of the 
diskette (toward track 76). 

2. Step input, which isa control signal that causes the read/write head 
to move with the direction of motion defined by the direction select line, 
The access motion is initiated on each binary 0 to binary 1 transition of 
the step input signal. 

3. Load head, which is a control signal to an actuator that allows 
the diskette to be moved into contact with the read/write head. A binary | 
deactivates the head load actuator and causes a bail to lift the pressure pad 
from the diskette. This removes the load from the diskette and read/write 
head. A binary 0 level on the load head line activates the head load actuator 
and allows the pressure pad to bring the diskette into contact with the 
read/write head with the proper contact pressure. 

4. File inoperable reset, which provides a direct reset for the file in- 
operable output signal. The file inoperable condition is reset when a binary 0 
is applied to the file inoperable reset line. 

5. Write gate, which controls the writing of data on the diskette. A 
binary 1 on the write gate line turns off the write function. A binary 0 enables 
the write function, and disables the stepping circuitry. 

6. Write data, which provides the data to be written on the diskette. 


Output. There are six output signal lines: 


1. Track 00, which indicates when the read/write head is positioned 
at track zero (the outermost data track). 

2. File inoperable, which is the output of the data safety circuitry, and 
is at a binary 0 level when a condition that jeopardizes data integrity has 
occurred. 

3. Index, which is a signal provided by the diskette drive once cach 
revolution (166.67 ms) to indicate the beginning of the track. Normally, the 
index signal is at binary 1 and makes the transition to 0 level for a period 
of 1.7 ms once each revolution, 

4. Separated data, which comprises the interface line over which read 
data are sent to the microprocessor system. The signals written on the 
diskette (using a frequency-modulation system) are demodulated by the 
drive electronics and are converted to data pulses. The data pulses (represent- 
ing the data bytes on the diskette) are sent over the separated data line. 
Normally, the separated data signal is at binary 1, and cach data bit recorded 
on the diskette causes the signal to make the transition to a 0 level for 200 ns. 

5. Separated clock, which provides the microprocessor system the 
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Sector recording format. With sector recording, the microprocessor may 
record up to 32 sectors (or records) per track. (Some systems use 26 sectors 
per track.) Each track is started by a physical index pulse, and each sector 
is started by a physical sector pulse. This type of recording is called hard 
sectoring. 

Keep in mind that the recording format is controlled primarily by the. 
microprocessor. However. the choice between hard and soft sectoring is set 
by the diskette drive. For soft sectoring (index recording) only one index 
hole is required in the diskette, as shown in Fig. 2-23. For hard sectoring 
(sector recording) one hole is required for each sector (typically 32 or 
26 holes). 

Becausc of the great variety of formats available, we will not discuss 
them further here. However, it should be noted that diskette recordings. 
generally include some feature to ensure the safety and accuracy of the. 
records. As is the case for tape recordings, described in Sec. 2-7-6, diskette 
recordings generally use a form of CRC (cyclic redundancy check). Each 
field (Fig. 2-30) written on the diskette is appended with two CRC bytes, 
These two CRC bytes are generated by circuits that count all the data bits, 
starting with bit 0 of the address mark and ending with bit 7 of the last byte 
within a field (excluding the CRC bytes), When a field is read back from 
the diskette, the data bits (from bit 0 of the address mark to bit 7 of the 
second CRC byte) are divided by the CRC number. A nonzero remainder 
indicates an error bit in the data read back, while a remainder of zero indi- 
cates that thc data bytes have been read back correctly, The nonzero (error) 
indication can be used to stop the drive, send a flag to the microprocessor, 
and so on. 


29 DATA COMMUNICATIONS 


Data communications is the transmission of data from one point to another. 
For example, the data from one microcomputer can be transmitted to 
another microcomputer in the same building, in the same city, or 10 a city 
across the country. Likewise, a central computer can serve several users on 
a time-sharing basis, each with the users at different remote locations. 

At present, most data-transmission systems use the telephone and 
teletype lines already available, This requires the translation of micro- 
computer information (generally in the form of pulses) into a form suitable 
for transmission across telephone lines. A data set and/or a modem are 
the devices used to perform the translation. In most modems, the pulse 
are used to modulate an audio tone (or tones) that can be transmitted over 
the lines. At the receiving end, the audio tones are demodulated and con- 
verted back to pulses by the modem. Both serial and parallel transmission 
methods can be used. However, serial is the most popular, since only 4 
single line (or pair of lines) is required. 
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i ions for D, DF, or Q are satisfied. The 
ions are long skips if test conditions for D, 
longs Instructions require three Hals cycles, one fetch and two 
cui the long-branch instructions. s 
coa of long-skip operation is shown in Fig. 3-15, which 
illustrates a “conditional long-skip" function (the same condition as for the 
branch functions shown in Figs. 3-13 and 3-14). 
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Figure 315 Example of instruction CE— LONG SKIP IF D = 0 for 
both true and false conditions. 


Interrupt and subroutine handling. The special interrupt. servicing 
instructions can best be understood by examining the COSMAC response to 
an interrupt. When an interrupt occurs, it is necessary to save the current 
configuration of the machine by storing the values of X and P, and to set 
X and P to new values for the. interrupt service program. The interrupt 
forces X and P to be automatically transferred into a temporary register T 
(P goes to the lower 4 bits, while X goes into the higher 4 bits), and forces 
a value of 1 into P and 2 into X. In addition, further interrupts are disabled 
by resetting the interrupt enable flip-flop (E) to 0. Also, a specific code is 
provided on the COSMAC state code line. Details of the interrupt servicing 


156 RCA COSMAC 1800 Microprocessors Chopra 


The CDP1832 and CDP1834 are static, mask-programmable ROM, 
These ROMS are completely static; no clocks are required. Two chip selee 
inputs CS1/CS2 are provided for memory expansion. The polarity of cath 
chip select input is user-mask-programmable, 


3-2-2 RAM ICs 


Figure 3-18 illustrates the functional diagrams of system RAMs, The 
output state of the CDP1821S (1024-word by 1-bit) is a function of the 
input address and chip select states only. Valid data will appear at the output 
in one access time following the latest address change 10 a selected chip. 
After valid data appears, the address may then be changed immediately. 
It is not necessary to clock the chip select input or any other input terminal 
for fully static operation, Thus, the chip select input may be used ay an 
additional address input, With the device in an unselected state (CS = |), 
the internal write circuitry and output sense amplifiers are disabled, This 
feature allows the three-state data outputs from many arrays 10 be OR-tied 
toa common bus for ease of memory expansion. 

The CDP1822S (256-word by 4-bit) has separate inputs and data out- 
puts and is operated from a single voltage supply. Two chip select inputs, 
of opposite polarity, are provided to simplify system expansion. The MRD 
signal (output disable control) provides wire-OR capability and is also 
useful in common input/output systems. After valid data appears at the 
‘output, the address inputs may be changed immediately. These output data 
will be valid until either the MRD signal goes high or the device is de-selected 
(CSI = high or C82 = low). 

The CDP1824 (32-word by 8-bit) (Fig. 1-20) is fully decoded and does 
not require a precharge or clocking signal for proper operation. The unit 
has common (bidirectional) input and output and is operated from a single 
voltage supply. The MRD signal (output disable control) enables the three 
state output drivers and overrides the MWR signal. A CS input is provided 
for memory expansion, 


3-2-3 Eight-bit input/output port 


Figure |-24 illustrates the functional diagram of the CDP1852, which 


is an 8-bit input/output port, Operation of the CDP1852 is described it 
Sec. 1-12-1. 


324 Universal asynchronous receiver! 
transmitter (UART) 


Figure 3-19 illustrates the functional diagrams of the CDP1854 UART 
UARTS are 1/0 devices that provide the necessary formatting and con? 
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Figure 320 Transmitter timing diagram. 


stop bits. The THRE output signal goes high one-half clock period later on 
the high-to-low transition of the clock. When THRE goes high, another 
character can be loaded into the transmitter holding register for transmis- 
sion, beginning with a start bit immediately following the last stop bit of 
the previous character. This process is repeated until all characters have 
been transmitted. When transmission is complete, THRE and transmitter 
shift register empty (TSRE) will both be high. The format of serial data is 
shown in Fig. 3-21 (compare this with Fig. 2-3). Duration of each serial 
output data bit is determined by the transmitter clock frequeacy (eroa) 
and will be 16/fct ock: 


Receiver operation in Mode = 0. Figure 3-22 is the timing diagram for 
receiver operation in Mode = 0. The receive operation begins when a sid 
bit is selected at the SERIAL DATA IN (SDI) input. After detection of à 
high-to-low transition on the SDI line, a divide-by-16 counter is enabled à 

a valid start bit is verified by checking for a low-level input 6/4 reciver 
clock periods later. When a valid start bit has been verified, the followin 
data bits, parity bit (if programmed), and stop bit(s) are shifted into 
receiver shift register at clock pulse 6% in each bit time. Lf so prog" E 
the parity bit is checked and receipt of a valid stop bit is verified. On ON" 
6% of the first stop bit, the received data are loaded into the en 
ing register. If the word length is less than 8 bits, zeros (low output V 
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The CDPI858 is also compatible with nonmultiplexed address by, 
microprocessors. By connecting the CLOCK input to 1 (Vp), the latch. 
are in the data-following mode, and the decoded output can be used in 
general-purpose memory-system applications. 

The CDP1859 interfaces the CDP1802 address bus and up to 32 
CDP1821 1024 x 1 RAMs (Sec. 3-2-2) to provide a 4-kilobyte RAM system. 
The CDP1859 generates the chip selects required by the CDP1821 RAM, 
The chip select outputs are a function of the address bits connected to 
inputs MA2 and MA3, The address bits connected to inputs MAO and MAI 
are latched by the trailing edge of TPA (generated by the CDP1802) to 
provide the two additional address lines required by the CDP1821 when 
used in a CDP1802-based system. When ENABLE = 1, the CE outputs are 
1s; when ENABLE = 0, the CE outputs are enabled and correspond to. 
the binary decode of the MA2 and MA3 inputs. ENABLE does not affect 
the latching or state of outputs A8, A8, A9, or A9. 


3-3 BASIC SYSTEM INTERFACING 


The CDP1802 microprocessor user manual describes many system inter- 
facing techniques and operations in some detail. The following paragraphs 
describe selected portions of this data, 


33-1 Memory interface and timing 

Figure 3-26 shows the interfacing required for a mixed ROM/RAM 
system, using the hardware described in Sec. 3-2. No external parts, except 
the data and address buses as shown, are required for interfacing between 
memory and the microprocessor. (However, additional circuits are required 
for interface from the microprocessor to control and/or 1/0 devices, as 
discussed in the following paragraphs.) 

The state of the MWR and MRD lines determines whether a byte is to 
be read from the addressed memory location, written into it, or neither 
operation performed. Note that the MRD and MWR lines are active low. 
The microprocessor controls the destination of the memory output byte 
when it appears on the data bus. The byte may be strobed into an internal 
microprocessor register or into an external 1/O register. 

During a WRITE cycle, the memory output is in a high-impedance 
state. The microprocessor or 1/O circuits can then place a byte to be stored 
in memory on the bus. A negative-going MWR pulse will then cause the 
data byte to be written into the addressed memory location. Eight bus pull- 
up resistors should be provided to place the bus in a known state when itis 
not being driven, 

Note that ROMs are connected in the same manner as RAMS, but 
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6.4-MHz clock frequency, a machine cycle of 1,25 us can be achieved, a 
instructions are executed in 2.5 to 3.75 ps, depending on the instruction, " 

During normal operation, the CLEAR and WAIT lines are both | 
high, A low level on the CLEAR lines puts the machine into the reset mode 
with registers I, N, X, P, Q, and Data bus = 0, and IE = 1, Actual 
registers X. P, and R(0) are reset during a special SI cycle (not available tg 
the programmer), immediately following transition from the reset mode to 
any of the other modes (load, run, or pause). The clock must be running 
to effect this cycle. 

If the CLEAR and WAIT lines are both held low, the machine enters 
the load mode. This mode allows input bytes to be sequentially loaded into 
memory, beginning at M(0000). Input bytes can be supplied from a keyboard, 
tape reader, and so on, by way of the DMA function (Sec. 3-3-5). Thy 
feature permits direct program loading without the use of external “boot 
strap” programs in the ROMs. 

If the WAIT line is brought low (with CLEAR high), the microprocessor 
stops operations on the next negatively going transition of the clock. (Thisis 
called the pause mode.) Output signals are held at their values indefinitely 
This state is useful for several purposes. Using the WAIT line, the micro- 
processor can be casily single-stepped for debugging purposes or, if stopped 
early in the machine cycle, the microprocessor can be held off the data bus 
to allow for other microprocessor systems (multiprocessor systems). Also, 
the WAIT line can be used as a data-ready signal from a slow memory or 
peripheral, or signals TPA and TPB can be stretched. When the WAIT line 
is returned high, the machine resumes running on the next negative-going 
transition of the clock input. The WAIT signal does not inhibit the on-chip 
crystal oscillator DMAs (Sec. 3-3-5) and interrupts (3-3-6) are not acknowl- 
edged in the pause mode, 


Simplified control interface. Figure 3-27 shows one circuit using standard 
devices from the RCA Corporation (Solid State Division) CD4000 series for 
controlling the run and load modes of the CDP1802. Note the power-on 
reset feature. To load and start a program using the circuit of Fig. 32% 
the sequence of operation is as follows. 

First, depress the reset and then the load buttons. The microprocessor 
is now ready to load by means of the DMA channel, When loading is 
completed, depressing the reset and then the run buttons will start prora 
execution at M(0000) with R(0) as the program counter (after one machine 
cycle), 

If a DMA request is present when the run switch is turned OM the 
machine will go to the DMA state immediately with R(O) as the prom 
counter. The user should therefore inhibit DMA externally until the prO 
has changed to a program counter different from R(0). Interrupts, however 
are disabled until the first instruction or DMA request is executed. TMS 
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Figure 3-28 Timing diagram for load and run sequence. 
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Figure 3-29 Circuit for single stepping the CDP1802 microproeesse: 
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the N lines. If the interrupt is asserted, the two-state code lines SCO and 
SC! are both high, acknowledging an interrupt (S3) cycle. 


3-3-5 DMA operation 

The 1/0 example of Sec. 3-3-4 requires that a program periodically 
sample 1/0 device status. If more than one 1/O device is used, each must 
be polled in turn, using up part of the program for each polling. Also, the 
programmed 1/0 approach requires several instruction executions for each 
1/O byte transfer. In many cases it is desirable to have [/O byte transfers 
occur without burdening the program, or to transfer data ai higher rates 
than possible with programmed 1/0. A builtin DMA (direct memory access) 
feature permits high-speed 1/O byte-transfer operations independent of 
normal program execution. 

During DMA operation, register R(0) is used as the memory address 
register and should not be used for other purposes. Two lines, DMA-IN 
and DMA-OUT, are used to request DMA byte transfer to and from the 
memory. Also, specific code is provided on the state code lines (SCO, SCI) 
to indicate a DMA cycle (82). 


DMA-IN. Figure 3-31 illustrates a typica! DMA-IN circuit, The leading 
edge of an enter pulse will clock an input byte into the register and activate 
the DMA-IN request. 

A low DMA-IN line automatically modifies the normal fetch-execute 
sequences. If the DMA-IN line goes low during an instruction fetch cycle 
(S0), the normally following execute cycle (S1) will still be performed. 
Following this execute cycle (S1), a special DMA cycle (2) occurs. If the 
DMAGIN line gocs low during an instruction execute cycle (S1), the DMA 
cycle (S2) will follow immediately after S1. If the DMA-IN line is reset to its 
high state during the DMA cycle (S2) the deferred next instruction fetch 
cycle (S0) will be performed following the S2 cycle, as shown in Fig. 3-31. 

An 82 cycle is indicated by a low SCO line and a high SCI line. This 
condition is used to place a DMA input byte onto the bus as shown, (A full 
set of timing diagrams is given in the user manual.) The S2 cycle stores the 
input byte in memory at the location addressed by R(0). Register R(0) is 
then incremented by 1 so that subsequent S2 cycles will store input bytes 
in sequential memory locations. S2 cycles do not alter the sequence of 
program execution. The program will, however, be slowed down by the S2 
cycles that are “stolen,” The concurrent program must, of course, properly 
use R(0), 

Thus far, single byte transfer per enter request has been discussed. If 
the DMA-IN remains low, S2 cycles will be performed until the DMA-IN 
goes high. In this mode of block transfer, the reset logic in Fig. 3-31 must be 
modified. The DMA mode permits a maximum 1/O byte transfer rate o! 
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Figure 3-32 Implementation of DMA-OUT operation 
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to the address of the first output byte of the desired memory sequence 
before the DMA transfer request occurs. 

It should be noted that there is a definite priority system for DMA 
and interrupt functions of the CDP1802 microprocessor. In the event of 
concurrent DMA and interrupt requests, DMA-IN has first priority, 0l- 
lowed by DMA-OUT and then interrupt. 


3.3.6 Interrupt 1/0 


‘The interrupt mechanism permits an external signal to 
gram execution and transfer control to a program designed t 
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conditions, initializing the DMA memory pointer, or, in general, resp?! 

to real-time events less urgent than those handled by DMA, 

amen on those which can be handled by sensing external flas ie 
low on the INTERRUPT line causes an interrupt response 
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RETURN instruction, Sharing the NTERRUPT line with a number of 
interrupt signal sources ls possible. 

When the interrupt is used in a system, R(1) must be reserved for 
use as the interrupt service program counter, and R(2) is normally used as 


a pointer to the storage area. 


3-3-7 Parallel 1/0 interface 

Figure 3-34 shows the microprocessor interfaced 10 other components 
in the 1800 system for parallel 1/0 interface, Only five components plus a 
crystal are required to interface directly in a simple and efficient system 
configuration, The RC network connected to CLEAR is optional and 
provides power-on reset. This basic system implementation can easily be 
expanded for larger memory capacity, and/or more 1/0 ports, by following 
the techniques of the user manual. 


338 Serial I/O interface with the UART 

Figure 3-35 shows the microprocessor interfaced to a telephone line 
for serial data communications using the UART described in Sec. 32-4. 
As shown in Fig, 3-19, there are four registers under program control in 
the UART, One is loaded from the bus in the transmit mode, one is read 
to the bus in the receive mode, a control register is loaded from the bus at 
initialization, and a status register is read in the receive mode, The 2-bit 
code on MRD and RSEL determines which register is selected and the 
direction of data flow. The UART is enabled to the data bus when the three 
chip selects (CSI, CS2, CS3) are asserted. Thus, by decoding, a large 
number of UARTS can operate in a system on the same bus. 


34 BASIC PROGRAMMING TECHNIQUES 


The purpose of this section is to discuss basic programming concepis 
especially as they relate to the writing of COSMAC programs, Although 
intended for those readers new to programming, experienced programmers 
are encouraged to read this section and get a feeling for microprocessor 
programming. 


3-4-1 Allocation of resources 

Before detailed programming can begin, decisions must be made as 10 
which functions are to be executed by software and which are to be imple 
mented in this L/O hardware. The layout of data in memory must be planned. 
and the use of registers worked out. 

The hardware/software trade-off is often the most difficult but 
rewarding phase of designing a microprocessor-based product. On the basis 
of previous familiarity, engineers may tend to favor the use of hardware 
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Figure 335 System configuration for asynchronous serial data 
communication interface. 


when similar functions may be done more economically in software. Asa 
guideline, try initially to do everything in software (except jobs requiring 
submicrosecond response). Use 1/0 hardware only when the microprocessor 
can not keep up. Even then, a microprocessor/ROM subsystem may be 
more cost-effective than special-purpose hardware. 

Allocation of the various built-in I/O capabilities of COSMAC i 
difficult to discuss in general terms because applications are so varied. The 
DMA channel can clearly be used for such functions as block transfers 
between a floppy disk and memory. The decision whether to use the DMA 
or the interrupt channels for a slow communications line is more difficult, 
and depends on what other I/O interfacing is required. 

Often, the most basic system design issue is deciding what uncos. 
to carry out in response to one or more interrupt signals Generally, the 
less done in servicing interrupts, the better, This minimizes the problems of 
contention among multiple interrupt signals and makes the system easier 10 
design, debug, and more likely to be error-free. 


3-42 RAM and register allocation for data 4 
r usage, data poini- 


. — Registers must be allocated among program counte d 
ing, storage usage, and general utility usage. This allocation may SZ 
dynamically as a program executes, but generally it is more efficient 
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grammer can omit the decrement of the pointer after pushing data, and 
‘omit the increment before using data, thus saving one or two instructions, 
Such deviations from standard usage should be well marked by comments 
in the program to avoid problems im case the code is changed later, 

There are many advantages to the stack. The main reason is efficient 
use of resources (amount of memory and register space). For example, 
only one register pointer R(2) is required to work with a potentially large 
number of data bytes. Also, RAM is used efficiently because the allocation 
of space required must match the maximum number of intermediate bytes 
stored at any given time rather than the total required over the duration of 
the program. (The maximum “depth” of a stack is generally very small.) 
Finally, the stack is efficiently addressed by I-byte COSMAC instructions, 
thus saving program space. 


Blocks of data in memory with register pointers. Data bytes that 
appear in strings or groups are best stored in RAM and addressed by setting 
up a register pointer to the beginning (or end) of the string. Multiple strings 
usually should have multiple address pointers. The COSMAC insiructions 
are designed to work efficiently with such data, allowing the pointer to be 
incremented or decremented as the data bytes are accessed. Sometimes, 
the programmer will share a few pointers between several different strings 
of data not being simuntaneously accessed. In this case, it is good practice 
to allocate all strings to one 256-byte page of memory so that a pointer can 
be moved from one data item to another simply by loading the lower byte 
of the pointer register. If ROM tables are used frequently, the use of a 
dedicated pointer may also be justified. 


3-43 Writing a program 

There are three basic structures in any program, including the pro- 
grams of microprocessor-based equipment, that are of particular importance. 
These include loops, conditional branches, and subroutines, The following 
paragraphs describe how these structures are handled in COSMAC. 


Loops. As discussed in Chapter 1, a loop consists of an initialization 
section, the main body of steps to be executed, and a test section to deter- 
mine whether and how often to loop through the main body. As a simple 
example, consider a routine that implements a delay. Figure 3-36 shows 
sucha routine in three forms: flowchart, symbolic, and numeric. 

The flowchart (Fig. 3-36a) shows the program structure explicitly, 
and says in words what happens at each point in the structure: 

‘The symbolic form (Fig, 3-36b) specifies the instructions to be executed, 
‘and includes the movement of data among the various COSMAC registers. 
The delay constant, which is assumed to be stored in a memory location, 15 
loaded into D and then moved to the lower hal! of a utility register UTIL 
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Figure 337 Simple conditional branch example: limiting a variable. 


Such practices can lead to problems. For example, a simple change in 
‘one part of code may have unfortunate consequence for another part which 
is borrowing" a piece of the branch. Generally, the best flowchart is one 
without odd-looking branches from onc part to another. There are excep- 
tions, of course. 


Subroutines, Subroutines can be used when a piece of program is useful 
in many different places throughout the overall program, but you want to 
avoid the problems discussed for conditional branches. The subroutine 
technique permits the programmer to put the routine into only one place 
in memory but use the routine as many times as needed throughout the 
program. When properly applied, a subroutine becomes a substitute "in- 
struction” which does something that might have been implemented in the 
microprocessor as a true instruction, 

To be effective, a subroutine must be exactly defined as to the function 
it performs, where it gets the data, where it puts the results, and what 
resources (register and/or RAM) are used. Subroutines may have the struc- 
ture of a loop or of a conditional branch. In either case, subroutines may 
use other subroutines within the body of their code, The main design effort 
in a large program is in the building up of a set of subroutines suitable 
for a given application, 

COSMAC offers many different ways to handle subroutine structure, 
representing different trade-offs among efficiency in execute time, efficiency 
in program size, and efficiency in use of register resources. COSMAC also 
offers more direct mechanisms for treating subroutines as extensions of the 
basic instruction set (interpretive techniques), as described in Sec. 3-4-6. 


34-4 Typical COSMAC subroutine techniques 

In large programs, a particular sequence of instructions is often used 
many times, For example, a code conversion from one data format to anoiher 
might be required several places in a communications program. You could 
simply insert the proper sequence of instructions each place in the program 
where needed, However, this duplication of instructions will consume much 
memory storage space, especially if the sequence is long and used frequently 
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a return by doing a SEP back to the register of the main program, This 
retuming SEP instruction is performed just in front of the entry. 
the subroutine. This step leaves the subroutine's program counter as it was 
originally (that is, pointing to the same location as at initialization), Thus, 
the initialization need be done only once in this example, In this example, 
execution starts with R(0) as the program counter, then R(3) becomes the 
program counter, with R(7) as the subroutine entry pointer. Figure 3-38 
shows the steps involved for the SEP register technique when the subroutine 
is called from two places in the main program. 


3-4-5 Interrupt service 

The use of the COSMAC interrupt line involves special programming 
instructions, in that an interrupt may occur between any two instructions 
in a program. Thus, the sequence of instructions initiated by the interrupt. 
routine must save the values of any machine registers it shares with the 
original program, and restore these values before resuming execution of 
the interrupted program. 

R(1) must always be initialized to the address of the interrupt service 
program before an interrupt is allowed. Figure 3-39 illustrates a hypothetical 
interrupt service routine. R(1) is initialized to 0055 before Permitting inter- 
rupt. R(2) is a stack pointer (that is, it addressed the free topmost byte 
in a variable-size data storage area), This stack area grows in size as the 
pointer moves upward (lower memory addresses), much like a stack of 
dishes on a table. Also like the dish stack, it shrinks as bytes are removed 
from the top. In the interrupt service example of Fig. 3-39, the stack grows 
by two bytes as registers X, P, and D are stored on it, and then decreased 
to its original size when X, P, and D are restored. Such a stack is sometimes 
referred to as a LIFO (last in, first out) because the first item removed 
from the stack is the last one placed on it. 

When bytes are to be stored onto the stack by the interrupt routine, 
the pointer R(2) is first decremented to assure that it is pointing to a free 
space. In the example of Fig. 3-39, location 00FO may have been in use when 
the interrupt occurred, so the pointer decrements to OOEF to store X and P. 
When bytes are no longer needed, they are removed from the stack and the 
pointer is incremented. 

The stack in Fig. 3-39 is used to store the values of X, P. and D 
associated with the interrupted program. If the interrupt will modify any 
other registers (scratchpad or DF), their contents must also be saved. 

After these “housekeeping” steps have been completed, Ihe “real 
work" requested by the interrupt signal can be performed. This work may 
involve such tasks as transferring 1/0 bytes, initializing the DMA pointer 
R(0), checking the status of peripheral devices, incrementing or decrementing 
an internal timer/counter register, and branching to an emergency power 
shut-down sequence. 

Upon completion of the real work, return housekeeping must be 
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LBR: LDAPPC + + put first address byte 
STR STACK += nto the stack, 
LDA PPC ...putsecond byte 
PLOPPC + « «into PPC low. 
LDNSTACK «+ put first byte 
PHIPPC .. „into PPC high. 
LDA PPC (60 
PLO PC +... „to next pseudo instruction. 


A typical set of pseudo instructions might include multiple-precision 
or floating-point arithmetic functions, L/O handling instructions, multiway 
branches on arithmetic comparisons, subroutine linkage routines, and a 
mechanism to drop into standard COSMAC instructions whenever necessary. 
More details and a discussion of alternative interpretive systems are found 
in COSMAC literature, 


3-5 SAMPLE PROGRAMS 


The following sample program illustrates how COSMAC architecture and 
instructions can be used to implement a basic program. Full details on 
more complex programs are described in COSMAC literature. 


Processing two input bytes. This program inputs two bytes from two 
different devices, Compare this with the sample program of Sec. 5-5. These 
devices might be the outputs from two analog-to-digital converters or 
mechanical position resolvers. The program compares the digital inputs 
and, if they are equal, sets the Q flag to |. In the event the two bytes 
are unequal, the Q flag is set to 0 and the larger of the two values is outputted 
to a third device. A minor change to this program could be in outputting 
the difference between the two bytes, an indication perhaps of the degree of 
mechanical position or error. 

The overview operation of this program is given in the flowchart of 
Fig. 3-40. A more detailed flowchart corresponding to the actual implemen- 
tation is given in Fig. 3-41, which more closely corresponds to the assembly 
program listing shown in Fig. 3-42. A few programming techniques used in 
this program warrant special attention, 

First, the INITIALIZATION block in Fig. 3-40 becomes two blocks 
in Fig. 3-41. A portion of the original initialization block is done only once 
during the execution of the program, The other part is done every time the 
program loops back to the label GO, This arrangement was done to save 
memory at the expense of execution time, a common trade-off, The output 
instruction increments R(X) cach time it is executed. To maintain ROO 
pointing to the same memory location, it could be followed by a DEC R2. 


36-1 Microtutor I, CDPI8SO12 

Figure 3-43 shows the Microtutor II, which is a complete basic micro. 
computer system intended for engincers, students, or hobbyists who wish to. 
understand and use microprocessors, Preassembled and containing its own 
regulated power supply, Microtutor IT provides quick and easy hands-on 
microprocessor experience. 


Figure 343 RCA Microtutor Il, CDP182012. (Courtesy RCA Cor- 
poration, Solid State Division.) 


Microtutor I1 is designed around the RCA CDP1802 COSMAC micro- 
processor, as shown by the block diagram of Fig. 3-44. Inputs are provided 
via eight binary toggle switches; hex outputs are displayed on two seven“ 
segment LED (hex-digit) displays along with the Q light output. Additional 
toggle switches are provided for all the required controls to examine and 
alter memory locations and to initiate program execution, A memory protect 
switch inhibits the memory write operation to prevent an improperly run- 
ning program from writing into itself, Programs are loaded via the on-chip 
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Figure 345 RCA evaluation kit, CDP18S020, with microterminal, 
CDP18S021. (Courtesy RCA Corporation, Solid State Division.) 


The evaluation kit includes a 5-V 600-mA power supply and either a 
standard ASCII terminal or an RCA microterminal (as described in Sec. 
3-6-3). The heart of the kit is the CDP-1802D 8-bit microprocessor, sur- 
rounded by RAMs, ROMs, and 1/O ports. The microterminal or direct 
terminal interfacing complete the kit, The system can be divided into three 
functional areas: control and communications, RAM memory, and user 1/0. 

The control and communications area contains the microprocessor, 
the utility ROM and RAM, the I/O ports, the control logic and switches, 
the terminal interface, and the display. The RAM memory and the user 1/0 
areas are available to the user for expansion and customizing the performance 
of the kit. A standard 44-pin connector is used for all required system com- 
munications and power; a separate connector makes all 40 pins of the 
microprocessor available to the user; and a third 44-pin connector is provided 
for the user 1/0 area. 


363 Microterminal CDP18S021 


Figure 3-46 shows the microterminal, which is a fully assembled, 
compact, hand-held terminal designed for interfacing with CDP1802-based 
microcomputer systems. Combined with its utility program, designated by 
the manufacturer as UTS and supplied as firmware, the microterminal: 


1. Is specifically suited for use with the evaluation kit (Sec. 3-6-2) 
‘or comparable user-designed systems. 

2 Can be easily used in portable or battery-operated applications 
(requires less than 375 mA at SY). 
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Figure 3-46 RCA Micro 
terminal, CDP18S021. (Cour- 
tesy RCA Corporation, Solid 
State Division.) 


3. Performs standard control, communications, and debug functions. 


4. Isa low-cost, convenient non-hard-copy alternative to more expen- 
sive conventional terminals (such as a video terminal). 


Data and memory addresses, as well as the control functions, are 
entered through the keyboard. Both the address and data are displayed in 
hex. The microterminal directly interfaces with the evaluation kit without 
the need for additional hardware or software. The combination of the two 
provides a low-cost microcomputer development system. 

‘The display is a field of eight seven-segment LEDs for full hex display. 
The left four digits normally display the memory address (4752 in Fig. 3-46), 
and the two right-hand digits show the data (F6 in Fig. 3-46), The decimal 
points in the appropriate field are lit to indicate the addressing mode being 
used at the time (data entry or address entry). A 20-wire ribbon cable is 
Supplied for all necessary interfacing signals. 

‘The utility program UTS, supplied as firmware, is the controller for 
the microterminal. The program contains a series of useful subroutined 
linked together to run the system and to perform custom functions as 
organized by the programmer, The UTS routines include display formatting 
and control, keyboard scan, debounce and decode, register initialization for 
the CDP 1802 call-and-return subroutine linkage, independent control of all 
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eight display digits and decimal points, readout control of microprocessor 
registers RI through RF, consecutive readout of memory locations at 1-Hz 
rate, display of registers RA and RB in a user program, and read and 
modify of the RAM. 


364 Micromonitor COP185030 

Figure 347 shows the micromonitor, which is a self-contained, powerful 
debugging tool for use with any CDP1802 microprocessor system. The 
micromonitor permits in-circuit debugging in real time (single step) of both 
hardware and software. The micromonitor includes a built-in keyboard and 
display, status indicator lights, and software debugging routine. The primary 
use of the micromonitor is for prototype-system software and hardware 
debugging. However, because of its easy portability, the micromonitor is 
also useful as a field service tool. In addition, the micromonitor can be used 
asa versatile production tester. 

By means of a single cable connection, the micromonitor can be inter- 


posed between the microprocessor of a system under test and all the inter- 
faces of the microprocessor, giving the user control of both hardware 


poration, Solid State Division. ) 


Sec. 3-6 COSMAC Development Aids 197 


interfaces and program execution. The micromonitor is controlled by its 
own internal microprocessor, but uses the microprocessor, power supply, 
clock, memory, and so on, of the system under test to run a user program. 
In this way, the micromonitor does not ''emulate” the system but provides 
a reliable measure of true system performance. 

The micromonitor can be operated from its own keyboard or, if a 
hard-copy record is desired, from an external terminal. Remote operation 
from a floppy disk file of commands is also possible when the micromonitor 
is used with development system II, CDP18S005 (described in Sec. 3-6-5). 


‘System features. The micromonitor provides an extensive set of debugging 
capabilities. The 43 commands permit the user to examine or modify 
memory and all microprocessor registers and flags. The micromonitor also 
provides read/write capability to any 1/O device and can generate signals to 
all microprocessor control, request, and flag inputs, and can either inhibit 
or allow system-generated requests to the DMA and interrupt line: 

Break conditions can be programmed for all of the following: external 
flag lines, auxiliary break input, idle, interrupt response, or memory 
read/write. When a break occurs, the values of D, X, P, and R(P) are 
recorded, providing a trace function. A log of the last 16 values of these 
registers is available to the user. 

Three modes for running programs are available. One mode provides 
for real-time running, starting at a specified address or continuing from a 
break. The number of break conditions to be encountered before the micro- 
monitor takes control can be specified in this mode. Another mode pro- 
vides for single or a specified number of instruction cycles. Data are logged 
after each instruction cycle in this mode. The third mode provides for a 
single or a specified number of machine cycles to be executed. 


3-6-5 Development system ll CDP18S005 


Figures 3-48 and 3-49 show the development system II, which is an 
interactive software and hardware prototyping system for the development 
of the products based on the RCA1800 family of microprocessor parts. 
The system uses the CDP1802 as the microprocessor and includes a RAM- 
based resident editor and assembler. The system has space for additional 
VO devices so that it can be used for hardware prototyping as well as 
program development, In small-volume applications, the system can be 
used as the major building block for dedicated microcomputers. 


System features, The system is designed for flexibility and expansion, 
Providing seven spare memory PC module positions and ten spare 1/O 
positions. Extra memory or operational 1/O modules are available, or users 
may design and add their own. Interfacing for both standard 20-mA cur- 
rent loop and EIA RS232C terminals are available, so a wide variety of 


Figure 3-48 RCA Development System Il, CDP185005. (Courtesy 
RCA Corporation, Solid State Division.) 


terminals can be used with the system. Interfacing for the hand-held micro- 


terminal (Sec. 3-6-3) is also available. 


System software, The system comes with a resident system utility program 
in firmware (ROM/RAM module) and with both paper tape and magnetic 
cassette versions of resident editor and resident assembler programs. These 
programs permit the user to do program development on the system. The 
system utility program allows the user to imspect and modify memory and 
start program execution at amy location. The resident editor program 
permits standard text editing, such as adding or deleting characters, words, 
or lines. The resident assembler converts instruction mnemonics into 
machine code. Both the resident editor and resident assembler programs 
are available on floppy disks (Sec, 3-6-6). 


3.66 Floppy disk system ll, CDP18S805V2 

‘The floppy disk system (FDS) is a mass-memory storage unit designed 
to work with the development system II (Sec. 3-6-5) to facilitate rapid pro- 
gram development. Use of the FDS reduces program development time 
significantly in comparison with systems using other media, For example, 
assembly of a 1-kilobyte program takes approximately 10 minutes when the 
FDS is used, as compared to approximately | hour with a 10-character- 
per-second paper-tape system. 

The floppy disk system consists of the following elements; 


1. A dual-disk drive mechanism with cable. 
2. An interface module. 
198 


200 RCA COSMAC 1800 Microprocessors Chap. 3 


3. A system diskette containing the following programs: assembler, 
editor, diagnostic, tape-to-diskette transfer, diskette copy, memory 
save, ROM save, printer, diskette file examination, change notice, 
and demonstration program. 


4. A blank diskette. 
5. An instruction manual. 


Installation of the FDS requires nothing more than plugging the inter- 
face module into the development system and the interfacing cable into the 
module. Disk loader and utility programs are already contained in the ROM 


and development system. 


3.67 Software development package CSDP 

The software development package is a versatile interactive integrated 
program for developing and checking software for COSMAC micro- 
processor systems. The CSDP includes an assembler and combined simu- 
lator/debugger. The assembler program translates symbolic source state- 
ments into machine language. That is, the assembler produces microprocessor 
machine code directly in simulated memory. If requested, the assembler can 
generate a source listing and diagnostic messages that can be directed to 


a disk file or the data terminal. 

The simulator mimics the actions of all instructions and interrupts 
and maintains simulated copies of the microprocessor memory, flags, and 
all registers. The debugger, through a set of debug: commands, allows the 
programmer to perform a number of functions, including the following: 
set breakpoints, set read or write guards for any memory address, set 
interrupts, inspect and modify any memory address, inspect and modify 
any register or flag, save the machines state at any point during simulation, 
restore the machine state from any previous saved state, single-step and 
trace-through program execution, trace jumps, and simulate ROM. 

The simulator also halts a program and gives diagnostic messages for 
invalid instruction codes or for attempted execution of data reads or writes 
outside simulated memory. 

To operate the CSDP, the user first creates a source file containing 
the program, This file is written in assembly language. (There are two 
assembly languages, designated as Level 1 and Level II.) At the user's 
option, the file may also contain debug-mode commands. The editor 
program of the host computer may be used to create or modify this file. 

The debugger may then be used to call in the assembler to create the 
object code from the source code, The debugger can also be used to monitor 
program simulation by saving, restoring, modilying, or inquiring about 
the simulation conditions. 


Figure 351 RCA video interface processor (VIP) with CRT display 
and cassette. (Courtesy RCA Corporation, Solid State Division. 

A 512-byte ROM operating system offers the hobbyist benefits in that 
it simplifies such tasks as loading a program into the RAM via the hex key- 
board, recording RAM contents on cassette tapes, transferring tape-recorded 
programs into RAM, displaying memory bytes in hex format on a CRT, 
stepping through RAM contents, and examining contents of the micro- 


processor registers. 
VIP is expandable, both on the PC card and through connectors. 


RAM capacity can be doubled from a nominal 2K to 4K bytes by adding 
additional RAM devices, and can be expanded to a total of 32K bytes by 
adding further memory capacity through a 44-pin connector socket in the 
card, Parallel L/O expansion to 19 lines can be achieved on the PC card for 
such purposes as music synthesizers, relays, a low-cost printer, or an ASCH 
keyboard. The 44-pin connector socket on the board also permits the addi- 
tion of other circuitry for applications. 

A hobbyist manual is included with the VIP. The manual contains 
detailed information on kit assembly, operating procedures, CHIP-8 
language, machine language programming, logic descriptions, test programs, 
and troubleshooting guides. The manual also includes program lists [or 
20 video games, offering simple instructions on using the hex keyboard se 
that a novice can enter the programs for the 20 games and use the games 
immediately without having to learn programming, 
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B Motorola M6800 Microcomputer System Ley 
for synchronous data information interchange. Synchronous serial data are 
the type used by such peripherals as floppy disk controllers, cassette of 
cartridge tape controllers, data communication terminals, and numerical 
control systems, as discussed in Chapter 2. The SSDA contains interface 
logic for simultaneously transmitting and receiving standard synchronous 
communications characters in bus-organized systems such as the M6800, 

The bus interface of the SSDA includes select, enable, read/write, 
interrupt, and bus interface logic to allow data transfer over an 8-bit bi. 
directional data bus, The parallel data of the bus system arc serially trang. 
mitted and received by the SSDA with synchronization and error checki 
The functional configuration of the SSDA is programmed via the data buy 
during system initialization. Programmable control registers provide con. 
trol for variable word lengths, transmit control, receive control, synchroni- 
zation control, and interrupt control. Status, timing, and control lines 
provide peripheral or modem control. 


4-1-7 Digital modem MC6860 


Figure 4-9 shows the relationship to the system, the basic block diagram, 
and a typical system configuration of the MC6860. 

The digital modem is a MOS subsystem designed to be integrated into 
a wide range of equipment (not just the M6800) using serial data communi- 
cations. The modem provides the necessary modulation, demodulation, 
and supervisory control functions to implement a serial data communica- 
tions link, over a voice-grade channel, using frequency shift keying (FSK). 
at bit rates up to 600 bits/s. The M6800 can be implemented into a wide 
range of data storage devices, remote data communication terminals, and 
1/0 interfaces. The modem operates from a single voltage supply and is 
fully TTL-compatible, as well as compatible with the M6800 family. As 
shown in Fig. 4-9, the modem interfaces directly with the ACIA (Sec. 41-5), 


41-8 Digital modulator MC6862 


Figure 4-10 shows the relationship to the system, the block diagram, 
and a typical system interface for the MC6862, The digital modulator is 
an MOS subsystem designed to be integrated into a wide range of equip 
ment (not just the M6800) using serial data communication. The modulator 
provides the necessary modulation and control functions to implement & 
serial data communication link over a voice-grade channel, using differen: 
tial phase shift keying (DPSK) at bit rates of 1200 or 2400 bits/s. Phase 
options are provided for both the U.S. and international markets. The 
MC6862 can be implemented into a wide range of data-handling 351805 
including stand-alone modems, data storage devices, remote data com 
‘munication terminals, and 1/0 interfaces for counters, 
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locations of the RAM and 10 are used for addressing internal locatio; 

the ROM, The address inputs are high-impedance, a "id 
Register. selects (RSO-RSI). Register select inputs on the PIA (and the 
ACIA) are essentially the same as address inputs to the RAM and ROM, 
Bus address lines are tied directly to the register select inputs, in a minimum 
system configuration. 


There are six locations within the PIA (Fig. 4-6) accessible to the 
microprocessor data bus: two peripheral registers (A and B), two data direc- 
tion registers (A and B), and two control registers (A and B). Selection of 


these locations is controlled by the RSO and RSI inputs, together with 
CRA-2/CRB-2 in the control register, as follows: 


Control Register 
Bit 


RSI RSO  CRA-2 CRB-2 Location Selected 


peripheral register A 
data direction register A 
control register A 
peripheral register B 
data direction register B 
control register B 


---ooo 
-ec-oco 
x Xxx Om 
XO-xxx 


X = don't care. 


The register select input (RS) performs a somewhat different function 
when the ACIA (Fig. 4-7) is used instead of the PIA. The state of RS in 
the ACIA in conjunction with R/W determines which of four registers will 
be read by the microprocessor, or written into by the microprocessor, as 
follows: 


RS R/W Register 


0 control register 

0 status register 

1 receive data register 
1 transmit data register 


Chip selects (CS0-CS5), Chip selects on the PIA and memory devices 
are used to distinguish one device from another. The number of chip selects 
available varies from three on the PIA to six on the RAM. The chip selects 
May tie directly to the microprocessor address bus and VMA line in a 
Rünimum system configuration. Chip select lines are high-impedance inputs. 
The PIA and memory are enabled by various combinations of “true” and 
“not true" chip selects. 


Ommo 


Read/write (R/W), The read/write is a high-impedance input that is used 
{© control the direction of data flow through the microprocessor data bus 


43-5 Relative addressing 
For the relative addressing mode to be valid, there is a rule 
the distance in the machine language program from the Meu 
to the destination of the branch. The rule that applies to the relative d 
ing mode is that the address of the destination of the branch must be sini 
the range specified by. Seh, 


(PC + 2) — 128 £ D £ (PC + 2) + 127 


where PC = address of first byte of branch instruction 
D = address of destination of branch instruction 


When it is desired to transfer control beyond the range of the branch 
instructions, this can be done by using JMP (unconditional jump) or JSR 
(jump to subroutine). These instructions do not use the relative mode. 

The assembler translates a branch instruction into two bytes of the 
machine code, The second byte contains a relative address. This is stored as 
a number in 8-bit, two’s-complement binary form, with a decimal value in 
the range —128 to +127. These numbers correspond to the limits of the 
range of a branch instruction. 

The relationship between the rel 
of the destination of a branch instruc 


D=(PC+2)+R 


Jative address and the absolute address 
tion is expressed by 


where PC = address of first byte of branch instruction 
D address of destination of ‘branch instruction 
R = 8-bit, two's-complement binary number, stored in second byte 


of branch instruction 


[] 


g mode is available only to the conditions) 
$ nditional branch instruction (BRA), and Ihe 
None of these source instructions can use nv 
f addressing. The three-character nemot, 


o determine when the relative mode of 
le of the data flow Tor 


The relative addrcssini 
branch instructions, the unc 
branch to subroutine (BSR). 
other of the several modes o! 
instruction, therefore, is sufficient t 
addressing will be used for the assembler. An exampl 
the relative addressing mode is shown in Fig, 4-19. 


4-3-6 Indexed addressing 
The indexed column of Fig. 
indexed addressing is valid. With indexed addressing. then 
is variable, depending on the contents of the index register 
address is obtained whenever it is required during ihe execution Of te 
gram rather than being predetermin: 


ee instructions For which 
jumerical address 
The current 


4-17 indicates th 


ed by the assembler, 
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While TSC is held at 1, the phase 1 and phase 2 clocks must be held high 
and low, respectively, in order to delay program execution (this is required 
because of the bus lines being in an indeterminate state). Since the micro- 
processor is a dynamic device, the phase 1 clock can be stopped for a maxi- 
mum time PWH without destroying data within the microprocessor. TSC 
can then be used in a short direct memory access (DMA) application. 


4-4-5 Bus available (BA) 


The BA signal will normally be in the low state. When activated, BA 
will go to the high state, indicating that the microprocessor has stopped and 
that the address bus is available. This will occur if the Halt line is in the low 
state or if the microprocessor is in the wait state as the result of a wait 
instruction. At such times, all three-state output drivers will go to their off 
state and other outputs will go to their normally inactive level. The micro- 
processor is removed from the wait state by the occurrence of a maskable 
interrupt (when bit I in the CCR goes to 0), or a nonmaskable interrupt 
(by a signal on the NMI line). Note that if TSC is high, BA will be low. 


44-6 Data bus enable (DBE) 


DBE is the three-state control signal for the microprocessor data bus 
and will enable the bus drivers when in the high state. This input is TTL- 
compatible, However, in normal operation, DBE is driven by the phase 2 
clock. During a microprocessor read cycle, the data bus drivers will be dis- 
abled internally, When it is desirable that another device control the data 
bus, such as in DMA applications, DBE should be held low. 


45 BASIC PROGRAMMING TECHNIQUES 


The following paragraphs describe basic programming techniques for the 
M6800 system. Far more detailed descriptions are available in the system 
literature. 


4-5-1 Stack and stack pointer 

In the M6800 system, the stack consists of any number of locations in 
RAM memory. The stack provides for temporary storage and retrieval of 
successive bytes of information, which may include any of the following: 
current status of the microprocessor, return address, and data. The stack 
can be used for the following purposes: interrupt control, subroutine linkage, 
temporary storage of data (under control of the program), and a re 
entrant code, 

As shown in Fig. 4-2, the microprocessor includes a 16-bit stack pointer- 
This pointer contains an address which enables the microprocessor to find 
the current location of the stack. When a byte is stored in the stack, it is 
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Reset (or power on). The reset control input to the microprocessor is 
used to start execution of the program, either for initial start-up, or from 
a power-down condition following a power failure. When a positive pulse 
(or 1 state) is detected on the reset line, the program counter is loaded with 
the address stored in the restart pointer at locations “n — 1” and “n” of 
memory (Fig. 4-24). The microprocessor then proceeds with execution of a 
restart program, which begins with the instruction addressed by the pro- 
gram counter. The restart and the continued execution, however, depend 
‘on the halt control input being in the ‘*go’’ condition (when the halt line 
is in the 1 state). 

When the halt line is at 1, the microprocessor will fetch the instruction 
addressed by the program counter and start the execution. When the halt 
line changes to 0, execution will stop. The stop may become effective at 
the completion of execution of the current instruction. Alternatively, one 
more instruction may be executed before the step becomes effective, owing 
to the look-ahead capability (described in later paragraphs). Execution of 
the program will not be resumed until the “go” condition is restored 
(halt line at 1). 

The halt line must remain in the ‘‘go”’ condition for the interrupt 
sequences to be completed. Otherwise, the microprocessor will stop execu- 
tion at the end of an instruction. The following paragraphs, which describe 
the interrupt operations, assume that the “go” state is maintained. 


NMI (nonmaskable interrupt). The sequence of operations that occurs 
following a nonmaskable interrupt is initiated by a 0 on the NMI control 
line. Execution of the current instruction is completed. The response of the 
microprocessor to the NMI signal may begin on completion of execution of 
the current instruction. Alternatively, one or more instructions in the 
program may first be executed, owing to the look-ahead capability 

‘The status of the microprocessor is then saved in the stack, as described 
in Sec. 4-5-2, and the program counter is loaded with the address stored 
in the NMI pointer at locations “n — 3” and ‘‘n — 2" of memory (Fig. 424). 
The microprocessor then starts execution of the NMI program, which 
begins with the instruction now addressed by the program counter. 


SWI (software interrupt). During execution of the SWI instruction, the 
status of the microprocessor is saved in the stack, as described in Sec, 4-5 
The value saved for the program counter is the address of the SWI insta 
tion, plus 1. 

After the status has been saved, the interrupt mask bit 1 is set (I = 1) 
The microprocessor will not respond to an interrupt request from a peripheral 
device while the interrupt mask is set. 

The program counter is then loaded with the address stored in the 
software interrupt pointer at locations "n — 5" and “n — 4" of memory 


íb) 
Figure 4-34 (Continued! 


The Debug module's two RAMs provide a 256-byte scratch-pad memory 
for the EXbug routines. 

These functional subsystems of the basic EXORciser are supplemented 
by a power supply and a bus-oriented distribution system. This bus system 
transfers the power supply voltage as well as the data, address, and control 
signals to the optional modules. The memory and 1/0 modules are avail- 
able as options and thus provide more flexibility than emulator systems, 
where the memory and/or 1/0 is fixed. Overall, the EXORciser can address 
up to 65 kilobytes of memory and addresses the 1/0 modules (as well as 
the memory modules) as memory. 


Basic design procedure, Using the EXORciser in a typical design process 
normally begins by defining the functions to be performed by the proposed 
system. In this definition phase, the designer makes the required trade-offs 
between the system hardware and software functions. 

Next, the designer emulates the proposed system in the EXORciser 
using the appropriate memory and L/O modules. In most cases, the modules 
are simply plugged into the EXORciser. However, for those systems that 


473 EXORdisk Il 

Figure 4-39 shows the EXORdisk II, which is a floppy disk storage 
system such as that described in Sec. 2-8. The EXORdisk II extends the 
EXOReiser memory capacity by up to | million bytes of memory. Together 
with the EXORciser, and an associated, seperately available interface 
module, the EXORdisk 1I provides a complete development system with 
high-speed software-development capabilities. 


474 EXORprint 


Figure 2-12 shows the EXORprint, which is a tabletop impact printer 
such as described in Sec, 2-5, 


Figure 439 EXORdisk II floppy disk storage system. (Courtesy 
Motorola Semiconductor Products, Inc.) 
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Figure &1 (a) Intel 8048 microcomputer functions; (b) Intel 8748 
microcomputer with EPROM. (Courtesy Intel Corporation.) 
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memory is being switched, programs should be organized to keep boundary 
crossing to a minimum. Jumping to subroutines across the boundary should 
be avoided when possible, since the programmer must keep track of which 
bank to return to after completion of the subroutine. If the subroutines 
are to be nested and accessed from either bank, a software “stack” should 
be implemented by saving the bank switch bit, just as if it were another bit 
of the program counter. 


5-4 INSTRUCTION SET 


All instructions are either one or two bytes in length, and over 70 percent 
are only one byte long. Also, all instructions execute in either one or two 
cycles (2,5 us or 5 us when using a 6-MHz crystal), and over 50 percent of 
all instructions execute in a single cycle. Double-cycle instructions include 
all immediate instructions and all 1/0 instructions. 

The MCS-48 microcomputer is designed to handle arithmetic opera- 
tions in both binary and BCD, as well as single-bit operations required in 
control applications. Special instructions have also been included to simplify 
loop counters, table look-up routines, and multiway branch routines. 


54-1 Data transfers 
As shown in Fig. 5-7, the 8-bit accumulator is the central point for all 
data transfers within the 8048. Data can be transferred directly between the 
eight registers of each working register bank and the accumulator. (That is, 
the source or destination register is specified by the instruction.) The remain- 
ing locations of the internal RAM array are referred to as data memory and 
are addressed indirectly via an address stored in either RO or R1 of the active 
working register bank. RO and R1 are also used to indirectly address external 
data memory when it is present, Transfers to and from internal RAM 
require one cycle, while transfers to external RAM require two. Constants 
stored in program memory can be loaded directly to the accumulator and to 
the cight working registers. 

Data can also be transfered directly between the accumulator and the 
on-board timer/counter, or the accumulator and the program status word 
(PSW). Writing to the PSW alters machine status accordingly and provides 
means of restoring status after an interrupt or of alternating the stack 
inter if necessary. 


54-2 Accumulator operations 
Immediate data, data memory, or the working registers can be added 
ith or without carry to the accumulator. These sources can also be ANDed, 
Red, or Exclusive-ORed to the accumulator. Data may be moved to or 
rom the accumulator and working registers or data memory. The (wo 
alues can also be exchanged in a single operation. 
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“Jump 
» AOL an inter- 


values at the time the conditional jump is executed. For instance, the. 
of accumulator zero" instruction tests the accumulator itself, 
mediate zero flag. 

The “decrement register and skip of not zero” instruction combines y 
decrement and a branch instruction to create an instruction very useful nn 
implementing a loop counter, This instruction can designate any one of the 
eight working registers as a counter and can effect a branch to any address 
within the current page of execution. 

A single-hyte indirect jump instruction allows the 
vectored to any one of the several different locations, based on the contents 
of the accumulator. The contents of the accumulator Points to a location 
in program memory which contains the jump address. The &-bit jump 
address refers to the current page of execution. This instruction could be 
used, for instance, to vector to any one of several routines based on an 
ASCII character that has been loaded in the accumulator. In this way, 
ASCII key inputs can be used to initiate various routines, 


Program to be 


5-4-6 Subroutines 


Subroutines are entered by executing a call instruction, Calls can be 
made like unconditional jumps to any address in a 2K-word bank, and 
jumps across the 2K boundary are exccuted in the same manner. Two 
separate return instructions determine whether or not status (upper 4-bit 
word of PSW) is restored upon return from the subroutine. The “return 
and restore status” instruction also signals the end of an. interrupt service 
routine if one has been in progress, 


54-7 Timer instructions 


The 8-bit on-board timer/counter can be loaded or read via the 
accumulator while the counter is stopped or while counting. The counter 
can be started as a timer with an internal clock source or as an event counter 
or timer with an external clock applied to the T1 input pin. The instruction 
executed determines which clock source is used. A single instruction stops 
the counter whether it is operating with an internal or an externa! clock 


Source, In addition, two instructions allow the timer interrupt to be enabled 
or disabled. 


5-4-8 Control instructions 


Two instructions allow the external interrupt source to de enabled or 
disabled. Interrupts are initially disabled and are automatically disabled 
while an interrupt service routine is in progress and reenabled afterward. 

There are four memory bank select instructions, two to designate the 
active working register bank and two to control program memory banks. 
The operation of the program memory bank switch is explained in Sec. 5--l- 
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1. (IF equal) Sets flag and exits 


2. (If not equal) Resets Mag and outputs the larger byte to a third port 


Compare this program with that of Sec. 3-5, 


56 MCS-48 DEVELOPMENT AIDS 


The following paragraphs describe development aids available to MCS-48 
users, Full details are given in the instruction manuals. 


5-6-1 PROMPT 48 


Figure 5-10 shows the PROMPT 48, which is the primary develop- 
ment aid for the MCS-48 system. The PROMPT 48 is a low-cost, fully 
assembled design aid for the 8748 and is used to program, test, debug, and 
run MCS-48 systems, There is a special hex keyboard for data entry and a 


display for readout, The following paragraphs provide a brief description 
of the PROMPT 48 and its front-panel controls. 


Figure $-10 PROMPT 48 development aid for ne MCS-48 system. 
(Courtesy Intel Corporation.) 
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rollers can be memory-mapped. The socket allows the execution socket IC 
to be directly interfaced to the prototype system, yet be controlled from 
the PROMPT panel. 

An optional cable, PROMPT-SER, directly connects the PROMPT 
system to virtually any terminal via a rear access slot. Another cable, 
PROMPT-SPP, allows programs and data to be downloaded from the 
Intellee Microcomputer Development System (Sec. 5-6-2) to the PROM 
system for debugging. 

The SYSTEM RESET control initializes the PROMPT system and 
enters the monitor. MONITOR INTERRUPT exits a user program grace- 
fully, preserving system status and entering the monitor. USER INTERRUPT 
causes an interrupt only if the PROMPT system is running a user program. 
A comprehensive system monitor resides in four IK byte ROMs and drives 
the keyboard and displays, responding to the COMMAND/FUNCTION 
GROUP controls. 

The COMMAND/FUNCTION GROUP panel keyboard and displays 
completely control the PROMPT 48. Thus, a teletypewriter or CRT is not 
needed (unless so desired by the user). The COMMANDS are grouped 
and color-coded to simplify access to the 8748 separate program and data 
memory. You can examine and modify registers. Memory locations can be 
accessed with one keystroke. Programs can be exercised in three modes. 
GO NO BREAK runs in real time. GO WITH BREAK is not real time. 
After each instruction, the MCS-48 program counter is compared against 
pending breakpoints. If no break is encountered, execution resumes. GO 
SINGLE STEP exercises one instruction at a time. 


5-6-2 intellec Microcomputer Development System (MDS) 

Figure 5-11 shows the Intellec MDS, which is a modular microcomputer 
development system used with a number of Intel systems, including the 
MCS-48, MCS-85, MCS-80, and series 3000 microcomputer systems. The 
MDS contains all necessary hardware and software to develop and imple- 
ment Intel microcomputer systems. The addition of options and peripherals 
provides the user with a complete in-circuit microcomputer development 
system, supporting product design from program development through 
prototype debug, to production and field test. The module contains all 
necessary control and data transfer circuitry Lo interface with the following 
Intellec peripherals: teletype, CRT, high-speed paper-tape reader/punch, 
PROM programmer, and line printer. 


5-6-3 8048 In-circuit emulator (MDS-48-ICE) 

Figure 5-12 shows the MDS-48-ICE, which is an Intellec system resi- 
dent module, This module combines with the MDS described in Sec. 5-6-2 
1o interface with any user-configured 8048 system. With an ICE-48 module 


Figure 5-1 Intellec Microcomputer Development System (MDS) 
components. (Courtesy Intel Corporation.) 


Figure 5-12. 8048 in-circuit emulator (MDS-48-ICE). (Courtesy Intel 
Corporation.) 


as a replacement for a prototype system 8048, the designer can emulate the 
system 8048 in real time, single-step the system program, and borrow static 
RAM memory for user system debugging. Powerful hardware and software 
debug functions are extended into the user system with minimum impact. 
"The designer may examine and modify the system with symbolic reference 
instead of absolute values, 


5-6-4 Universal PROM Programmer (UP) 
Figure 5-13 shows the UPP, 


'P-101, UPP-102) 


Figure 513 Universal PROM programmer (UPP. 101, UPP-102) 
(Courtesy Intel Corporation.) 


565 Assemblers 


In addition to the hardware described thus far, there are 
Support packages available for the MCS-48. These include disk: 
Paper-tape assemblers, PROM. mappers, and a variety of program |i 


software 
ette and 
libraries. 
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microprocessor development cycle is discussed, pointing out typical micro- 
processor design problems and how these problems are avoided by using 
the 8002. The chapter concludes with a discussion of individual hardware 
and software modules within the 8002 system. 

Figure 8-1 shows the 8002 system with optional CRT (video) terminal 
and prototype control probe. Figure 8-2 shows the microprocessor develop- 
ment cycle with the 8002. Figures 8-3 and 8-4 are simplified and compre- 
hensive block diagrams, respectively, of the 8002 system. 


8-1 PURPOSE, KINDS, AND IMPORTANT 
FEATURES OF AN MDA 


An MDA, when functioning as a design tool, is used to develop micro- 
processor software programs and to design microprocessor hardware cir- 
cuits. The MDA then helps to integrate the software and the hardware into 
a complete stand-alone microprocessor-based product. 

A variety of MDAs are available on the market today, They range 
from simple one-circuit board learning aids to sophisticated multicabinet 
work stations. Most MDAs are tailored to support only one commercial 
microprocessor, and only a few can support the design activity for more 
than one, The 8002 supports several microprocessor systems from the same 
or different vendors. 


Figure 8-1 Tektronix 8002 microprocessor lab with optional CRT 
(video) terminal and prototype control probe. (Courtesy Tektronix, 
Inc., © 1977.) 
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Figure 8-5 Example of real-time trace display, (Courtesy Tektronix, 
Inc., © 1977.) 


83-8 PROM programmer 


The PROM programmer option allows user programs to be transferred 
from program memory into PROM ICs. These PROMS are then plugged 
into the prototype memory sockets and provide permanent program instruc- 
tions for the prototype microprocessor. Not only can user programs be 
transferred from program memory into PROMS, but the reverse action can 
also take place; the contents of PROMS can be read into program memory 
1n addition, the user program residing in a PROM can be compared with 
the user program residing in program memory. The differences are displayed 
on the system console. This comparison technique (called CPROM) is used 
to verify the contents of a PROM 

The CPROM compare function allows the user to make an address: 
by-address comparison of the PROM and the developmental program. 
An inequality between designated PROM bytes and memory bytes causes 
the memory uddress, memory byte content, and PROM byte content to be 
displayed on the system console. Figure 8-6 shows such a display as it might 
appear on the console. Note that at memory address 0000, the PROM 


shows a contents of FF, whereas the memory shows a contents of IF 
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Figure 8-6 Example of PROM comparison display. (Courtesy 
Tektronix, Inc., © 1977.) 


83.9 System communications 

The system communications board provides three I/O ports for con- 
necting optional peripheral devices to the system. Any device that conforms 
totheEIA (Electronic Industries Association) standard RS-232-C can be 
connected to the interface board. Typically, devices such as an optional line 
printer are connected to the interface. A larger host computer can also be 
connected to the 8002. User programs can be transferred from the host 
and down-loaded into the program memory for execution. 


8-3-10 Flexible disk unit 

A flexible disk (floppy disk) is the on-line mass storage device for 
the 8002. The flexible disk unit consists of two separate disk drive assemblies, 
a microprocessor controller, a power suppy, and a cabinet (Fig, 8-1). The 
flexible disk unit communicates directly with the system processor module 
through an interconnecting cable. Another flexible disk unit can be con- 
nected into the system to provide a four-disk drive option. 


83-11 System terminal 


The 8002 system terminal, also referred to as the system console, 
serves as the main communication channel between the system and the 
operator (Fig. 8-1), (Any terminal-like device can be used as the system 
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Figure 8-7 Example of INSERT command part of the text editor 
function.) (Courtesy Tektronix, Inc., © 1977.) 


Emulator. The emulator software allows user programs to be loaded into 
the optional emulator processor for operation, testing, and debugging. 


Debug system. When the TEKDOS DEBUG command is invoked, the 
debugging system is loaded from disk into system memory. With the user 
program under debug control, every program instruction may be traced; 
and program memory, emulator processor registers, and prototype memory 
may all be examined (and altered if necessary). Two software breakpoints 
may be set to suspend program execution, thus enabling the user to view the 
effects of memory accesses al specified addresses in program memory. 
(This is sometimes known as taking a snapshot of the program.) Although 
debugging system operation is basically the same for every microprocessor 
supported by the 8002, display formatting reflects the individual character- 
istics of each IC. 

Figure 8-8 shows a typical console display during the DEBUG com- 
mand. Note that the memory location, instruction, mnemonic, operand, 
pointer, and eight registers are displayed (simultaneously) for each line 
of the program. 

Figure 8-9 shows a “memory mapping,” which also serves as a de- 
bugging tool. With memory mapping, the user may assign portions of the 
program to 8002 program memory, or to prototype. The assignments may 
be made by single addresses or in 512 blocks of 128 bytes each. Memory 
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Figure 88 Typical console display during the DEBUG command, 
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Figure&9 Graphic display of memory-mapping function. 
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Other books by John D. Lenk. . | 


Handbook of Practical CB Service 


This book is test-equipment oriented, showing how test equipment can be used 
to locate CB faults quickly and easily. It offers full details for both 23- and 40- 
channel sets and includes over 200 photos, drawings, and schematics which 
illustrate the step-by-step simplified CB service procedures. 


This straightforward, practical guide not only pinpoints both circuit and 
component failures that occur in CB sets but also describes cures for antenna 
and noise interference problems. 


Published 1978 | 323 pages 


Handbook of Basic Electronic Troubleshooting 


An ideal introductory manual for beginners, and a complete basic circuit 
troubleshooting guide for advanced technicians. Describes procedures for 
analyzing trouble symptoms, localizing faulty circuits, and isolating defective 
components in basic electronic equipment. Covers equipment, its operation 
and practical application, with step-by-step trouble-shooting examples. 


Published 1977 | 256 pages 


Handbook of Simpiffied Solid-State Circuit Design, Revised and Enlarged 
Second Edition 


This handbook is one of a kind and completely self-contained. It provides = 
rule-of-thumb approximations for selecting solid-state and integrated-circuit = 
component values on a trial basis, assuming a specific design goal and a given 

set of conditions. Design theory and analytical procedures are kept to the 
barest minimum sufficient for a working, functional knowledge of the subject 
Coverage includes complete procedures for breadboard development, testi 
and final circuit completion. The six major chapters treat basic design rul 
audio amplifiers, operational amplifiers with integrated circuits, radio freq 
circuits, waveforming and waveshaping circuits, and power-supply circuits. 


Published 1978 | 310 
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